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Revision History 


Base version (Draft only) 

April 15, 2001 1. 01 Initial release version 

October 15, 2004 - Version 1.01 + supplementary notes Version 1.01e(March 21, 2004) 
- CMD6 (Switch Function command) is specified and CMD34-37, 50 
and 57 are reserved for new command system. 
- High-Speed mode is specified.(Up to 25 MB/sec Read/Write rate) 
- eCommerce command set and Vendor Specific command set are 
specified 

May 9, 2006 S - Version 1.10 + supplementary notes Version 1.00. 
- High Capacity SD Memory Card is specified. (Up to and including 32 
GB) 

April 16, 2009 f Followings are added to the Version 2.00 
(1) Physical Ver2.00 Supplementary Notes Version 1.00 is applied. 
(2) Extended Capacity (SDXC) is supported 
(3) Ultra High Speed I (UHS-I) is supported 
(4) Speed Class Specification Update 
(5) Set Block Count Command (CMD23) is added 


To the extent this proposed specification, which is being submitted for review under the IP 
Policy, implements, incorporates by reference or refers to any portion of versions 1.0 or 1.01 
of the SD Specifications (including Parts 1 through 4), adoption of the proposed specification 
shall require Members utilizing the adopted specification to obtain the appropriate licenses 
from the SD-3C, LLC, as required for the utilization of those portion(s) of versions 1.0 or 1.01 
of the SD Specifications. 

For example, implementation of the SD Specifications in a host device under versions 1.0 or 
1.01 and under the adopted specification requires the execution of a SD Host Ancillary 
License Agreement with the SD-3C, LLC; and implementation of the SD Specifications under 
versions 1.0 or 1.01 and under the proposed specification in a SD Card containing any 
memory storage capability (other than for storage of executable code for a controller or 
microprocessor within the SD Card) requires the execution of a SD Memory Card License 
Agreement with the SD-3C, LLC. 
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Conventions Used in This Document 


Naming Conventions 
e Some terms are capitalized to distinguish their definition from their common English meaning. Words 
not capitalized have their common English meaning. 


Numbers and Number Bases 
e Hexadecimal numbers are written with a lower case "h" suffix, e.g., FFFFh and 80h. 
e Binary numbers are written with a lower case "b" suffix (e.g., 10b). 
e Binary numbers larger than four digits are written with a space dividing each group of four digits, as in 
1000 0101 0010b. 
e All other numbers are decimal. 


Key Words 
e May: Indicates flexibility of choice with no implied recommendation or requirement. 
e Shall: Indicates a mandatory requirement. Designers shall implement such mandatory 


requirements to ensure interchangeability and to claim conformance with the specification. 

e Should: Indicates a strong recommendation but not a mandatory requirement. Designers should 
give strong consideration to such recommendations, but there is still a choice in 
implementation. 


Application Notes 
Some sections of this document provide guidance to the host implementers as follows: 


Application Note: 
This is an example of an application note. 
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1. General Description 


SD Memory Card is a memory card that is specifically designed to meet the security, capacity, 
performance, and environment requirements inherent in newly emerging audio and video consumer 
electronic devices. The SD Memory Card will include a content protection mechanism that complies 
with the security of the SDMI standard and will be faster and capable of higher Memory capacity. The 
SD Memory Card security system uses mutual authentication and a "new cipher algorithm" to protect 
against illegal usage of the card content. A Non-secure access to the user's own content is also 
available. 

SD memory cards may also support a second security system based on commonly used standards, 
such as ISO-7816, which can be used to interface the SD memory card into public networks and other 
systems supporting mobile e-commerce and digital signature applications. 

In addition to the SD Memory Card, there is the SD I/O (SDIO) Card. The SDIO Card specification is 
defined in a separate specification named: "SDIO Card Specification" that can be obtained from the SD 
Association. The SDIO Specification defines an SD card that may contain interfaces between various 
I/O units and an SD Host. The SDIO card may contain memory storage capability as well as its I/O 
functionality. The Memory portion of SDIO card shall be fully compatible to the given Physcial Layer 
Specification. The SDIO card is based on and compatible with the SD Memory card. This compatibility 
includes mechanical, electrical, power, signalling, and software. The intent of the SD I/O card is to 
provide high-speed data I/O with low power consumption for mobile electronic devices. A primary goal is 
that an I/O card inserted into a non-SDIO aware host will cause no physical damage or disruption of 
that device or its software. In this case, the I/O card should simply be ignored. Once inserted into an 
SDIO aware host, the detection of the card will be via the normal means described in the given Physical 
Layer Specification with some extensions that are described in the SDIO Specification. 

The SD Memory Card communication is based on an advanced 9-pin interface (Clock, Command, 
4xData and 3xPower lines) designed to operate in at maximum operating frequency of 50 MHz and low 
voltage range. The communication protocol is defined as a part of this specification. 

The SD Specifications are divided into several documents. The SD Specifications documentation 
structure is given in Figure 1-1. 


Audio Specification >- —--------- Other Application Documents 
SD 
Specifications File System Specification 
Security 
Spec 
EE | | Mc-EX interface | | SDIO Card 
y y pec. Specification Specification 


(This Document) 


Figure 1-1: SD Specifications Documentation Structure 


* Audio Specification: 
This specification, along with other application specifications, describes the specification of a specific 
application (in this case - Audio Application) and the requirements to implement it. 


* File System Specification: 
The specification describes the specification of the file format structure of the data saved in the SD 
Memory Card (in protected and un-protected areas). 
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* Security Specification: 
The specification describes the content protection mechanism and the application-specific commands 
that support it. 


* Physical Layer Specification (this document): 
The specification describes the physical interface and the command protocol used by the SD Memory 
Card. 
The purpose of the Physical Layer specification is to define the SD Memory Card, its environment, and 
handling. 
The document is divided into several portions. Chapter 3 gives a general overview of the system 
concepts. The common SD Memory Card characteristics are described in Chapter 0. As this description 
defines an overall set of card properties, we recommend using the product documentation in parallel. 
The card registers are described in Chapter 5. 
Chapter 6 defines the electrical parameters of the SD Memory Card's hardware interface. 
As used in this document, "shall" or "will" denote a mandatory provision of the standard. "Should" 
denotes a provision that is recommended but is not mandatory. "May" denotes a feature, which may or 
may not be present—at the option of the implementer-and whose presence does not preclude 
compliance. 


e Mc-EX Interface Specification: (This section was added in version 1.10) 
Part A1 of the SD memory card specification (refer to Figure 1-1) serves as an extension to the SD card 
Physical Layer Specification and provides all of the definitions required to transfer the Mobile 
Commerce Extension (Mc-EX) command packets from the Mc-EX host to the Mc-EX enabled SD 
memory card, and vice versa. 
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2. System Features 


e Targeted for portable and stationary applications 


e Capacity of Memory 
(1) Standard Capacity SD Memory Card (SDSC): Up to and including 2 GB 
(2) High Capacity SD Memory Card (SDHC): More than 2GB and up to and including 32GB 
(3) Extended Capacity SD Memory Card (SDXC): More than 32GB and up to and including 2TB 


e Voltage range: 
High Voltage SD Memory Card — Operating voltage range: 2.7-3.6 V 


e Designed for read-only and read/write cards. 


e Bus Speed Mode (using 4 parallel data lines) 
(1) Default Speed mode: 3.3V signaling, Frequency up to 25 MHz, up to 12.5 MB/sec 
(2) High Speed mode: 3.3V signaling, Frequency up to 50 MHz, up to 25 MB/sec 
(3) SDR12: 1.8V signaling, Frequency up to 25 MHz, up to 12.5MB/sec 
(4) SDR25: 1.8V signaling, Frequency up to 50 MHz, up to 25MB/sec 
(5) SDR50: 1.8V signaling, Frequency up to 100 MHz, up to 50MB/sec 
(6) SDR104: 1.8V signaling, Frequency up to 208 MHz, up to 104MB/sec 
( 


7) DDR50: 1.8V signaling, Frequency up to 50 MHz, sampled on both clock edges, up to 
50MB/sec 


e Switch function command supports Bus Speed Mode, Command System, Drive Strength, and 
future functions 


e Correction of memory field errors 

e Card removal during read operation will never harm the content 

e Content Protection Mechanism - Complies with highest security of SDMI standard. 
e Password Protection of cards (CMD42 - LOCK UNLOCK) 

e Write Protect feature using mechanical switch 

e Built-in write protection features (permanent and temporary) 

e Card Detection (Insertion/Removal) 

e Application specific commands 


e Comfortable erase mechanism 
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e Protocol attributes of the communication channel: 


SD Memory Card Communication Channel 


Six-wire communication channel 
(clock, command, 4 data lines) 


Error-protected data transfer 
Single or Multiple block oriented data transfer 


e SD Memory Card Form-factor 
There are three Part 1 mechanical addenda as follows: 


Standard Size SD Memory Card: Specified in "Part 1 Standard Size SD Card Addendum" 
miniSD Memory Card: Specified in "Part 1 miniSD Card Addendum" 
microSD Memory Card: Specified in "Part 1 microSD Card Addendum" 


e Standard Size SD Memory Card thickness is defined as both 2.1 mm (normal) and 1.4 mm (Thin 
SD Memory Card). 


All features in this specification are applied to Standard Size SD Memory Card. 
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3. SD Memory Card System Concept 


The SD Memory Card provides application designers with a low cost mass storage device, imple- 
mented as a removable card that supports a high security level for content protection and a compact, 
easy-to-implement interface. 

SD Memory Cards can be grouped into several card classes that differ in the functions they provide 
(given by the subset of SD Memory Card system commands). 


An SD Memory Card system includes the SD Memory Card (or several cards) the bus and their 
Host/Application. The Host and Application specification is beyond the scope of this document. The fol- 
lowing sections provide an overview of the card, bus topology, and communication protocols of the SD 
Memory Card system. The content protection (security) system description is given in "SD Memory 
Card Security Specification" document. 


3.1 Read-Write Property 

In terms of read-write property, two types of SD Memory Cards are defined: 

e Read/Write (RW) cards (Flash, One Time Programmable - OTP, Multiple Time Programmable - 
MTP). These cards are typically sold as blank (empty) media and are used for mass data storage, 
end user video, audio or digital image recording 

e Read Only Memory (ROM) cards. These cards are manufactured with fixed data content. They are 
typically used as a distribution media for software, audio, video etc. 


3.2 Supply Voltage 
In terms of operating supply voltage, two types of SD Memory Cards are defined: 
e High Voltage SD Memory Cards that can operate within the voltage range of 2.7-3.6 V. 
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3.3 Card Capacity 


In terms of capacity, three types of SD Memory Cards are defined: 


e Standard Capacity SD Memory Card (SDSC) supports capacity up to and including 2 G bytes (2°" 
bytes). All versions of the Physical Layer Specifications define the Standard Capacity SD Memory 
Card. 

e High Capacity SD Memory Card (SDHC) supports capacity more than 2 G bytes (2°! bytes) up to 32 
G bytes and is defined from the Physical Layer Specification Version 2.00. 

e Extended Capacity SD Memory Card (SDXC) supports more than 32 G bytes (2% bytes) up to 2TB. 

Only hosts that are compliant to the Physical Layer Specification Version 2.00 or higher and the File 

System Specification Ver2.00 or higher can access High Capacity SD Memory Cards and Extended 

Capacity SD Memory Cards. Other hosts fail to initialize High Capacity SD Memory Cards and 

Extended Capacity SD Memory Cards. 

Only hosts that are compliant to the Physical Layer Specification Version 3.00 or higher and the File 

System Specification Ver3.00 or higher (exFAT supported) can access Extended Capacity SD Memory 


Note: 

1. The Part 1 Physical Layer Specification Version 3.00 and Part 2 File System Specification 
Version 3.00 allow Standard Capacity SD Memory Cards to have capacity up to and 
including 2 GB, High Capacity SD Memory Cards to have capacity up to and including 32 
GB and Extended Capacity SD Memory Card to have capacity up to 2 TB. 

2. Hosts that can access (read and/or write) SD Memory Cards with a capacity greater than 2 
GB and up to and including 32 GB, shall also be able to access SD Memory Cards with a 
capacity of 2 GB or less. 

3. Hosts that can access (read and/or write) SD Memory Cards with a capacity greater than 32 
GB and up to 2 TB, shall also be able to access SD Memory Cards with a capacity of 32 GB 
or less. 
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3.4 Speed Class 


Five Speed Classes are defined and indicate minimum performance of the cards 


Class 0 - These class cards do not specify performance. It includes all the legacy cards prior to 
this specification, regardless of its performance 

Class 2- is more than or equal to 2 MB/sec performance. 

Class 4- is more than or equal to 4 MB/sec performance. 

Class 6 - is more than or equal to 6 MB/sec performance. 

Class 10 - is more than or equal to 10 MB/sec performance. 


High and Extended Capacity SD Memory Cards shall support Speed Class Specification and have 
performance more than or equal to Class 2. 


Note that the unit of performance [MB/sec] indicates 1000x1000 [Byte/sec] while the unit of data size 
[MB] indicates 1024x1024 [Byte]. This is because the maximum SD Bus speed is specified by the 
maximum SD clock frequency (25 [MB/sec] = 25000000 [Byte/sec] at 50 MHz) and data size is based 
on memory boundary (power of 2). 
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3.5 Bus Topology 
The SD Memory Card system defines two alternative communication protocols: SD and SPI. The host 
system can choose either one of modes. The card detects which mode is requested by the host when 
the reset command is received and expects all further communication to be in the same communication 
mode. Common bus signals for multiple card slots are not recommended. A single SD bus should 
connect a single SD card. Where the host system supports a high-speed mode, a single SD bus shall 
be connected to a single SD card. 


3.5.1 SD Bus 
HOST 
CLK CLK 
Vop Mon 
Vss dë Vss SD Memory 
Card (A) 
DO-3(A), DO-D3, CMD, 
CMD(A) 
CLK 
Vbo 
Vss SD Memory 
Card (B) 
DO-3(B), DO-D3, CMD, 
CMD(B) 


Figure 3-1: SD Memory Card System Bus Topology 


The SD bus includes the following signals: 


CLK: Host to card clock signal 

CMD: Bidirectional Command/Response signal 
DATO - DAT3: 4 Bidirectional data signals. 

Von, Masi, Vss2! Power and ground signals. 


In default speed, the SD Memory Card bus has a single master (application), multiple slaves (cards), 
synchronous star topology (refer to Figure 3-1). In high speed and UHS-I, the SD Memory Card bus has 
a single master (application) single slave (card), synchronous point to point topology. Clock, power and 
ground signals are common to all cards. Command (CMD) and data (DATO - DAT3) signals are 
dedicated to each card providing continues point to point connection to all the cards. 

During initialization process commands are sent to each card individually, allowing the application to 
detect the cards and assign logical addresses to the physical slots. Data is always sent (received) to 
(from) each card individually. However, in order to simply the handling of the card stack, after the ini- 
tialization process, all commands may be sent concurrently to all cards. Addressing information is 
provided in the command packet. 

SD bus allows dynamic configuration of the number of data lines. After power up, by default, the SD 
Memory Card will use only DATO for data transfer. After initialization the host can change the bus width 
(number of active data lines). This feature allows easy trade off between HW cost and system 
performance. Note that while DAT1-DAT3 are not in use, the related Host's DAT lines should be in 
tri-state (input mode). For SDIO cards DAT1 and DAT2 are used for signaling. 
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3.5.2 SPI Bus 
The SPI compatible communication mode of the SD Memory Card is designed to communicate with a 
SPI channel, commonly found in various microcontrollers in the market. The interface is selected during 
the first reset command after power up and cannot be changed as long as the part is powered on. 
The SPI standard defines the physical link only, and not the complete data transfer protocol. The SD 
Memory Card SPI implementation uses the same command set of the SD mode. From the application 
point of view, the advantage of the SPI mode is the capability of using an off-the-shelf host, hence 
reducing the design-in effort to minimum. The disadvantage is the loss of performance, relatively to the 
SD mode which enables the wide bus option. 
The SD Memory Card SPI interface is compatible with SPI hosts available on the market. As any other 
SPI device the SD Memory Card SPI channel consists of the following four signals: 


CS: Host to card Chip Select signal. 
CLK: Host to card clock signal 
Dataln: Host to card data signal. 
DataOut: Card to host data signal. 


Another SPI common characteristic is byte transfers, which is implemented in the card as well. All data 
tokens are multiples of bytes (8 bit) and always byte aligned to the CS signal. 


HOST 
CSA) cs 
Mon Von SD Memory 
Vss Vss CARD (A) 
(SPI mode) 
Eh 
CS@) di CS | 
Vo SD Memory 
CARD (B) 
CLK, CLK,DatalN,DataOut| (SP! mode) 
DatalN, (|< y 
DataOut 


Figure 3-2: SD Memory Card System (SPI Mode) Bus Topology 


The card identification and addressing methods are replaced by a hardware Chip Select (CS) signal. 
There are no broadcast commands. For every command, a card (slave) is selected by asserting (active 
low) the CS signal (see Figure 3-2). 

The CS signal shall be continuously active for the duration of the SPI transaction (command, response 
and data). The only exception occurs during card programming, when the host can de-assert the CS 
signal without affecting the programming process. 

The SPI interface uses the 7 out of the SD 9 signals (DAT1 and DAT 2 are not used, DAT3 is the CS 
signal) of the SD bus. 
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3.6 Bus Protocol 


3.6.1 SD Bus 

Communication over the SD bus is based on command and data bit streams that are initiated by a start 

bit and terminated by a stop bit. 

e Command: a command is a token that starts an operation. A command is sent from the host either 
to a single card (addressed command) or to all connected cards (broadcast command). A command 
is transferred serially on the CMD line. 

e Response: a response is a token that is sent from an addressed card, or (synchronously) from all 
connected cards, to the host as an answer to a previously received command. A response is 
transferred serially on the CMD line. 

e Data: data can be transferred from the card to the host or vice versa. Data is transferred via the 
data lines. 


from from from 
host host card 
to card(s) to card to host 


Figure 3-3: "no response" and "no data" Operations 


Card addressing is implemented using a session address, assigned to the card during the initialization 
phase. The structure of commands, responses and data blocks is described in Chapter 4. The basic 
transaction on the SD bus is the command/response transaction (refer to Figure 3-3). This type of bus 
transaction transfers their information directly within the command or response structure. In addition, 
some operations have a data token. 

Data transfers to/from the SD Memory Card are done in blocks. Data blocks are always succeeded by 
CRC bits. Single and multiple block operations are defined. Note that the Multiple Block operation mode 
is better for faster write operation. A multiple block transmission is terminated when a stop command 
follows on the CMD line. Data transfer can be configured by the host to use single or multiple data lines. 


from data from card stop command 
card to host stops data transfer 
to host 


bl response | Ree -| response 


to card 


CS 
CMD — command! 


Figure 3-4: (Multiple) Block Read Operation 


The block write operation uses a simple busy signaling of the write operation duration on the DATO data 
line (see Figure 3-5) regardless of the number of data lines used for transferring the data. 
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crc ok 

response 

and busy stop command 
from stops data trans- 
card fer 

to host 


EEE GE EE KEE -| response 


Figure 3-5: (Multiple) Block Write Operation 


Command tokens have the following coding scheme: 


transmitter bit: 
‘1'= host command Command content: command and address information 
or parameter, protected by 7 bit CRC checksum Gei 
end bit: 


start bit: rar 
KN | | e? always '1 
v 


0 |1 CONTENT CRC | 1 


total length=48 bits 


Figure 3-6: Command Token Format 


Each command token is preceded by a start bit (0) and succeeded by an end bit (1). The total length is 
48 bits. Each token is protected by CRC bits so that transmission errors can be detected and the 
operation may be repeated. 

Response tokens have one of four coding schemes, depending on their content. The token length is 
either 48 or 136 bits. The detailed commands and response definition is given in Chapter 4.7. The CRC 
protection algorithm for block data is a 16-bit CCITT polynomial. All allowed CRC types are described in 
Chapter 4.5. 


transmitter bit: 
'0'=card response Response content: mirrored command and status infor- 


mation (R1 response), OCR register (R3 response) or 
RCA (R6), protected by a 7bit CRC checksum end bit: 


start bit: 141 
always'0! QI | e 


CONTENT 1 
end bit: 


total length=48 bits 141 
Cc 1 


0 0 | CONTENT=CID or CSD CRC} 1 
total length=136 bits 


R1, R3,R6 0 0 


A 
Ki 


R2 


Figure 3-7: Response Token Format 


In the CMD line the Most Significant Bit (MSB) is transmitted first, the Least Significant Bit (LSB) is the 
last. 

When the wide bus option is used, the data is transferred 4 bits at a time (refer to Figure 3-9). Start and 
end bits, as well as the CRC bits, are transmitted for every one of the DAT lines. CRC bits are 
calculated and checked for every DAT line individually. The CRC status response and Busy indication 
will be sent by the card to the host on DATO only (DAT1-DAT3 during that period are don't care). 
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There are two types of Data packet format for the SD card. 

(1) Usual data (8-bit width): The usual data (8-bit width) are sent in LSB (Least Significant Byte) first, 
MSB (Most Significant Byte) last sequence. But in the individual byte, it is MSB (Most Significant 
Bit) first, LSB (Least Significant Bit) last. 

(2) Wide width data (SD Memory Register): The wide width data is shifted from the MSB bit. 


1. Data Packet Format for Usual Data (8-bit width) 


b7 bO 


G 


Data Packet Format for Standard Bus (only DATO used) 


8bit width Data 


` 1st Byte 2nd Byte 3rd Byte n th Byte End 
z Start bit Data Data Data Data E 
[SDIO] F De — 
CMD53 DAT3 EN [cre |1] 


[SD memory] 


CMD17, CMD18, 
CMD24, CMD25, DAT2 Ea 
ACMD18, ACMD25, 


7 Dart [ore 


Data Packet Format for Wide Bus (all four lines used) 


Figure 3-8: Data Packet Format - Usual Data 
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2. Data Packet Format for Wide Width Data (Ex. ACMD13) 


b511 bO 


Start bit End bit 
Wide Width 
Data G 4 
Ex DATO 


[SD memory] 

ACMD13(8D Status), Data Packet Format for Standard Bus (only DATO used) 

ACMD51(SCR), 
t b 

E Start bit End bit 

DATO CRC 
Data Packet Format for Wide Bus (all four lines used) 
Figure 3-9: Data Packet Format - Wide Width Data 
3.6.2 SPI Bus 


Details of the SPI Bus protocol are described in Chapter 7. 
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3.7 SD Memory Card-Pins and Registers 


The SD Memory Card has the form factor 24 mm x 32 mm x 2.1 mm or 24 mm x 32 mm x 1.4 mm. 


SD Memory 
Card 


Figure 3-10: SD Memory Card Shape and Interface (Top View) 
Figure 3-10 shows the general shape of the shape and interface contacts of the SD Memory Card. The 


detailed physical dimensions and mechanical description are given in Part 1 mechanical addenda. 
Table 3-1 defines the card contacts: 


SD Mode SPI Mode 
` Leslie [nore | i em 
CD/DAT3* |I/O/PP° ` and Detect/ CS [> Chip Select (neg true) 
Data Line [Bit 3 


Sss > — huaai alage 
Mop Clee voltage VDD Sr GET voltage 

5 Dk Clock | SOK — | Klok __ | 

pe E VS 18 [Supply voltage ground | 
Do [opr pata Out å M 
B DAT1" "opp Dataline [Bit1] ` RSV | | o E 
9 ` DAS "opp Dataline [Bit2] ` ee | 1 S 


1) S: power supply; I: input; O: output using push-pull drivers; PP: UO using push-pull drivers; 

2) The extended DAT lines (DAT1-DAT3) are input on power up. They start to operate as DAT lines after 
SET BUS WIDTH command. The Host shall keep its own DAT1-DATS3 lines in input mode, as well, while they are not 
used. 

3) At power up this line has a 50KOhm pull up enabled in the card. This resistor serves two functions Card detection and 
Mode Selection. For Mode Selection, the host can drive the line high or let it be pulled high to select SD mode. If the host 
wants to select SPI mode it should drive the line low. For Card detection, the host detects that the line is pulled high. This 
pull-up should be disconnected by the user, during regular data transfer, with SET CLR CARD DETECT (ACMD42) 
command 

4) DAT1 line may be used as Interrupt Output (from the Card) in SDIO mode during all the times that it is not in use for 
data transfer operations (refer to "SDIO Card Specification" for further details). 

5) DAT2 line may be used as Read Wait signal in SDIO mode (refer to "SDIO Card Specification" for further details). 


Table 3-1: SD Memory Card Pad Assignment 
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Each card has a set of information registers (see also Chapter 5 in the Physical Layer Specification): 


eee E eee identification number; card individual number for identification (See 5.2). 
Mandato 
RCA 16 Relative card address; local system address of a card, dynamically suggested by 


he card and approved by the host during initialization (See 5.4). Mandatory. 
| DSR | 16 Driver Stage Register; to configure the card's output drivers (See 5.5). Optional. 


coal a Specific Data; information about the card operation conditions (See 5.3). 
Mandato 
SCR 64 SD Configuration Register; information about the SD Memory Card's Special Fea- 
ures capabilities (See 5.6). Mandatory 
pr conditions register (See 5.1). Mandatory. 
SSR 512 ISD Status; information about the card proprietary features (See 4.10.2). 
Mandatory 
CSR 32 


Bes Card Status; information about the card status (See 4.10.1). Mandatory 


(1) RCA register is not used (available) in SPI mode 
Table 3-2: SD Memory Card Registers 


The host may reset the cards by switching the power supply off and on again. Each card shall have its 
own power-on detection circuitry that puts the card into a defined state after the power-on. No explicit 
reset signal is necessary. The cards can also be reset by sending the GO IDLE (CMDO) command. 


i | d | 
DAT2 K DATO 
CD/DAT3 Interface driver DAT 1 
OCR[31:0 
CID[127:0] KAN 
RCA[15:0 Card 
interface 5 
DSR[15:0 controller 3 
CSD[127:0] reset j€ 3 
SCR[63:0 S 
SSR[511:0] l g 
CSR[31:0] ep © 
& 
Vv 
Memory core interface resetlg— 
Memory core 


Figure 3-11: SD Memory Card Architecture 
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3.8 ROM Card 
ROM Card is defined as read only memory which meets following requirements. A permanent or 
temporary write protected writable SD memory card does not belong to this category. 


3.8.1 Register Setting Requirements 
Table 3-3 shows register setting requirements for ROM Card. 


Register Field Comment 

SD Status SD CARD TYPE SD ROM Card 
CCC bit 4 Class4 block write 
CSD CCC bit 5 Class5 erase 


CCC bit 6 Class6 write protection 
CCC bit 7 Oor1 Class7 lock card 
PERM_WRITE_PROT | 1 Permanent Write Protect 
SD_SECURITY Oor2or3 Security is optional. 


Table 3-3 : Register Setting Requirements for ROM Card 


3.8.2 Unsupported Commands 
The ROM Card shall treat following commands as unsupported and illegal command. 
CMD24, CMD25, CMD27, CMD28, CMD29, CMD30, CMD32, CMD33, CMD38 


3.8.3 Optional Commands 
The ROM Card can support following commands as optional command. 
CMD42, security commands 


If CMD42 is not supported, bit 7 of CCC shall be set to 0. CMD42 is treated as illegal command. 

e When ROM card supports CMD42, "Unlocking the card" and "Locking the card" functions shall be 
supported by presetting the password. LOCK UNLOCK FAILED is indicated when receiving the 
other unsupported functions of CMD42. 

e |f security is not supported, SD SECURITY shall be set to 0. The security commands are treated 
as illegal command. 

e ROM card does not support write and erase to the protected area. Refer to the Part 3 Security 

Specification about security command support of ROM card. 


3.8.4 WP Switch 
A full-size ROM card does not have WP Switch. Refer to Figure 3-8 in the Part 1 Standard Size SD 
Card Mechanical Addendum Ver1.00. 
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3.9 Ultra High Speed Phase I (UHS-I) Card 
UHS-I provides up to 104MB/sec performance on 4-bit SD bus with the single end driver interface. Card 
form factor is the same and existing connector can be used. 


3.9.1 UHS-I Operation Modes 
e DS - Default Speed up to 25MHz 3.3V signaling 

HS - High Speed up to 50MHz 3.3V signaling 
SDR12 - SDR up to 25MHz 1.8V signaling 
SDR25 -SDR up to 50MHz 1.8V signaling 
SDR50 -SDR up to 100MHz 1.8V signaling 
SDR104 - SDR up to 208MHz 1.8V signaling 

e DDR50 -DDR up to 50MHz 1.8V signaling 
Note : Timing in 1.8V signaling is different from that of 3.3V signaling. 


3.9.2 UHS-I Card Types 
UHS-I supports two card Types: 
e UHS50 
e UHS104 
UHS-I is not applied to SDSC card but can be applied to SDHC and SDXC card. 


Figure 3-12 and Figure 3-13 show UHS-I supported modes. 


DDR50 is mandatory for microSD form factor and optional for Standard size SD form factor 


DS: Default Speed Mode 
HS: High Speed Mode 


UHS50 Card 


Signal Voltage 


3.3V 1.8V 


SDR12 | 
UHS104 Card SDR25 


SDR50 


SDR104 


DDR50 


Frequency 


25MHz 50MHz 100MHz 208MHz 


Figure 3-12 : UHS-I Card Type Modes of Operation versus Frequency Range 
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DS: Default Speed Mode 
HS: High Speed Mode 


UHS50 Card 


Signal Voltage 


H 
SDR12 
UHS104 Card SDR25 


SDR50 


SDR104 
DDR50 | 


12MB/s 25MB/s 50MB/s 104MB/s * |hroughput 


Figure 3-13 : UHS-I Card Type Modes of Operation versus Throughput 


3.9.3 Host and Card Combination 
Host may use SDR50, DDR50 and SDR104 modes with either UHS50 Card or UHS104 Card. 
Table 3-4 shows usable UHS performance depends on the combination of host and card. UHS-| for 
removable card is presumed that one card is connected to a SD bus. Maximum performance of up to 
104MB/s is possible only if host supports SDR104 mode and card is UHS104 Card (supports SDR104 
mode). If card is a UHS50 Card or if host doesn't support SDR104 mode, performance is limited to 
50MB/s (SDR104 mode cannot be used). 
Host may use DDR50 mode with UHS50 Card and UHS104 Card in microSD form factors. 


Host types: 
SDR-FD — SDR signaling, fixed-delay (can't use tuning) 
SDR-VD — SDR signaling, variable-delay (can use tuning) 
DDR — DDR signaling 


fe e HOST-SDR-FD HOST-SDR-VD HOST-DDR 
Card type (SDR, fixed-delay) (SDR, variable-delay) (DDR) 


UHS50 card ; 
microSD SDR50 < 100MHz | SDR50 < 100MHz + tuning | DDR50 < 50MHz 


UHS104 card 
| microSD 
UHS50 card 
Full-size SD 
UHS104 card 
Full-size SD 


SDR50 < 100MHz | SDR104 < 208MHz + tuning | DDR50 < 50MHz 


SDR50 < 100MHz | SDR50 < 100MHz + tuning Optional 


SDR50 < 100MHz | SDR104 < 208MHz + tuning Optional 
Table 3-4 : Host and Card Combinations 
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3.9.4 Bus Speed Modes Selection Sequence 


v regardless of CMDO. Power cycle resets the signal voltage to 3.3V. 
CMDO After Switching 1.8V singling, the card cannot be changed to SPI mode. 


Power on 
C Power on > J Ss voltage is switched to 1.8V, the card continues 1.8V signaling | 


y 
CMD8 Host requests card to change 1.8V signal voltage by ACMD41. 
l A status is indicated in the response whether voltage switch is accepted. 


| ACMD41 


If voltage switch is accepted by ACMD41, CMD11 invokes voltage 
switching sequence. If it is completed, the card enters SDR12 (default). 


y 
CMD11 


y 


CMD2 


y 


CMD3 UHS- supports only 4-bit mode. 

v Host shall select 4-bit mode by ACMD6. 

CMD7 When entering UHS-I mode, card may change to 4-bit mode 
automatically regardless of ACMD6. 


Ki 
ACMD6 


—S SS Bus Speed Mode is selected by CMD6 Function Group 1. 
CMD6 Current Limit is selected by CMD6 Function Group 4. 


Driver Strength is selected by CMD6 Function Group 3. 


CMD 19 CMD19 sends tuning pattern to the host to determine sampling point. 
UHS50 and UHS104 cards provide tuning pattern. Sampling clock 
tuning is required for UHS104 host and optional for UHS50 host. 


Å 


Figure 3-14 : Command Sequence to Use UHS-I 


Figure 3-14 shows command sequence to use a UHS-I. After power cycle, card is in 3.3V signaling 
mode. The first CMDO selects the bus mode; SD mode or SPI mode. 1.8V signaling mode can be 
entered only in SD mode. Once the card enters 1.8V signaling mode, the card cannot be switched to 
SPI mode or 3.3V signaling without power cycle. If the card receives CMDO, card returns to Idle state 
but still work with SDR12 timing. UHS-I is provided in SD mode but not in SPI mode. 

As higher bus speed requires low level signaling, UHS-I adopts 1.8V signaling level for SDR50, DDR50 
and SDR104 modes. Still card is supplied with 3.3V by the host and 1.8V signaling level for SDCLK, 
CMD and DAT[3:0] lines is converted from 3.3V power line. To avoid voltage mismatch between host 
and card, signaling level is changed by voltage switch sequence at the initialization. The host and card 
communicate using ACMD41 whether host and card support 1.8V signaling mode. Support of 1.8V 
signaling both host and card means UHS-I can be used. CMD11 invokes the voltage switch sequence. 
The card enters UHS-I mode and card input and output timings are changed (SDR12 in default) when 
the voltage switch sequence is completed successfully. (Refer to Section 4.2.4 for more detail.) 

UHS-I can be used only in SD 4-bit mode. So host shall set 4-bit mode by ACMD6. The card may 
change 4-bit mode regardless of ACMD6 when entering UHS-I mode. 

Host can choose suitable output driver strength by CMD6 Function Group 3. 

Host can choose one of UHS-I modes by CMD6 Function Group 1. Each UHS-I mode is specified by 
the maximum frequency, sampling edges (rising-only or both) and maximum current consumption for 
compatibility with existing cards. Host can choose one of UHS-I mode depending on capability of 
generating SDCLK frequency and capacity of power supply host supported. 

UHS-I Hosts can perform sampling point tuning using tuning command (CMD19) after SDR50 or 
SDR104 mode is selected. Tuning command is not supported in DDR50 mode. 
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3.9.5 UHS System Block Diagram 

Figure 3-15 shows a typical UHS-I host system that supports removable cards. Host has clock 
generator which supplies SDCLK to the card. In case of write operation, as clock direction and data 
direction is the same, write data can be transferred synchronized with SDCLK regardless of 
transmission line delay. In case of read operation, as clock direction and data direction is opposite, read 
data host received is delayed by round-trip delay, output delay and latency of host and card. So 
receiving data is the most critical for the host. Therefore, host needs to have sampling clock generator 
to receive response, CRC status and read data block. 


Simplified UHS-I Host Diagram Simplified UHS-I Card Diagram 


Clock Generator 
Sampling Clock Å 


Figure 3-15 : Host and Card Block Diagram 


Outgoing block 
DAT[3:0] 


CMD 


3.9.5.1 Variable Sampling Host 

The host use variable sampling clock generator to determine correct sampling point. The host can use 
predefine tuning block stored in card as an aid for finding sampling operating point. The host can use 
CMD19 tuning command to read tuning block. 

This method is applied to the whole frequency range. In lower frequency less than 25MHz, host needs 
to access the card without tuning. 


3.9.5.2 Fixed Sampling Host 
The host uses pre-determined sampling point. This method is available in up to 100MHz. HOST-SDR- 
FD can make sampling clock by using clock loopback method (Implementation examples of HOST- 
SDR-FD are shown in Appendix C). UHS50 and UHS104 card shall be compliant to topLy (max.) output 
delay constraint for less than 100MHz frequency range. 
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3.9.6 Summary of Bus Speed Mode 
Table 3-5 shows the card requirements regarding Bus Speed modes selected by CMD6 function group 
1. The maximum frequency and the maximum current are determined by CMD6. 


Bus Speed Max. Bus Max. Clock i Max. Current ? 
Mode” Speed Frequency [mA/3.6V SE 


Weg 


*1: The card span a UHS-I mode shall support all lower UHS-I modes. 
*2: Host can control current by the current limit function in CMD6 (Refer to Section 4.3.10.3). 
*3: SDSC stands for SD Standard Capacity Memory Card and 
*4: SDHC stands for SD High Capacity Memory Card. 
*5: SDXC stands for SD Extended Capacity Memory Card. 
*6: Detail of socket handling 800mA will be specifying in mechanical addenda. 
*7: Host can select either max. current by XPC in ACMD41 (Refer to Section 4.2.3.1). 
Table 3-5 : Bus Speed Modes 


DS - Default Speed up to 25MHz 3.3V signaling 
HS - High Speed up to 50MHz 3.3V signaling 
SDR12 - SDR up to 25MHz 1.8V signaling 

SDR25 - SDR up to 50MHz 1.8V signaling 

SDR50 - SDR up to 100MHz 1.8V signaling 
SDR104 - SDR up to 208MHz 1.8V signaling 

DDR50 - DDR up to 50MHz 1.8V signaling 


Detail temperature specification is described in the mechanical addenda. 


Table 3-6 clarifies option / mandatory of bus speed mode for each card capacity type. 
| Card Classification | DS | HS | SDR50 | SDR104 | DDR50 | 
== 
[NonUHSI | M | O | NA | NA | 


UHS50 N/A O Kles SD) 
M (microSD 


UHS104 O (Standard SD) 
i 


M: Mandatory, O: Optional, N/A: Not Available — = 
Table 3-6 : Bus Speed Mode Option / Mandatory 
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4. SD Memory Card Functional Description 


4.1 General 


All communication between host and cards is controlled by the host (master). The host sends com- 
mands of two types: broadcast and addressed (point-to-point) commands. 


Broadcast commands 

Broadcast commands are intended for all cards. Some of these commands require a response. 
Addressed (point-to-point) commands 

The addressed commands are sent to the addressed card and cause a response from this card. 

A general overview of the command flow is shown in Figure 4-1 for card identification mode and in 
Figure 4-13 for data transfer mode. The commands are listed in the command tables (Table 4-21- 
Table 4-30). The dependencies between current state, received command, and following state are 
listed in Table 4-31. In the following sections, the various card operation modes will be described 
first. Afterwards, the restrictions for controlling the clock signal are defined. All SD Memory Card 
commands, along with the corresponding responses, state transitions, error conditions and timings 
are presented in the succeeding sections. 

Two operation modes are defined for the SD Memory Card system (host and cards): 

Card identification mode 

The host will be in card identification mode after reset and while it is looking for new cards on the 
bus. Cards will be in this mode after reset until the SEND RCA command (CMD3) is received. 
Data transfer mode 

Cards will enter data transfer mode after their RCA is first published. The host will enter data 
transfer mode after identifying all the cards on the bus. 


The following table shows the dependencies between operation modes and card states. Each state in 
the SD Memory Card state diagram (see Figure 4-1) is associated with one operation mode: 


Card state 
Inactive State 
Idle State 
Ready State card identification mode 
Identification State 
Stand-by State 
Transfer State 
Sending-data State 
Receive-data State 
Programming State 
Disconnect State 
Table 4-1: Overview of Card States vs. Operation Modes 


data transfer mode 
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4.2 Card Identification Mode 


While in card identification mode the host resets all the cards that are in card identification mode, 
validates operation voltage range, identifies cards and asks them to publish Relative Card Address 
(RCA). This operation is done to each card separately on its own CMD line. All data communication in 
the Card Identification Mode uses the command line (CMD) only. 

During the card identification process, the card shall operate in the SD clock frequency of the 
identification clock rate fop (see Chapter 6.6.6). 


4.2.1 Card Reset 
The command GO IDLE STATE (CMDO) is the software reset command and sets each card into Idle 
State regardless of the current card state. Cards in Inactive State are not affected by this command. 
After power-on by the host, all cards are in Idle State, including the cards that have been in Inactive 
State before. 
After power-on or CMDO, all cards' CMD lines are in input mode, waiting for start bit of the next com- 
mand. The cards are initialized with a default relative card address (RCA=0x0000) and with a default 
driver stage register setting (lowest speed, highest driving current capability). 


4.2.2 Operating Condition Validation 
At the start of communication between the host and the card, the host may not know the card supported 
voltage and the card may not know whether it supports the current supplied voltage. The host issues a 
reset command (CMDO) with a specified voltage while assuming it may be supported by the card. To 
verify the voltage, a following new command (CMD8) is defined in the Physical Layer Specification 
Version 2.00. 
SEND IF COND (CMD8) is used to verify SD Memory Card interface operating condition. The card 
checks the validity of operating condition by analyzing the argument of CMD8 and the host checks the 
validity by analyzing the response of CMD8 (See Chapter 4.3.13). The supplied voltage is indicated by 
VHS filed in the argument. The card assumes the voltage specified in VHS as the current supplied 
voltage. Only 1-bit of VHS shall be set to 1 at any given time. Both CRC and check pattern are used for 
the host to check validity of communication between the host and the card. 
If the card can operate on the supplied voltage, the response echoes back the supply voltage and the 
check pattern that were set in the command argument. 
If the card cannot operate on the supplied voltage, it returns no response and stays in idle state. It is 
mandatory to issue CMD8 prior to first ACMD41 for initialization of High Capacity SD Memory Card 
(See Figure 4-1). Receipt of CMD8 makes the cards realize that the host supports the Physical Layer 
Version 2.00 and the card can enable new functions. 
It is also mandatory for low-voltage host to send CMD8 before ACMD41. In case that a Dual Voltage 
Card is not receiving CMD8 the card will work as a high-voltage only card, and in this case that a low- 
voltage host didn't send CMD8 the card will go to inactive at ACMD41. 


SD SEND OP COND (ACMD41) is designed to provide SD Memory Card hosts with a mechanism to 
identify and reject cards which do not match the Vpp range desired by the host. This is accomplished by 
the host sending the required Vpp voltage window as the operand of this command (See Chapter 5.1). 
Cards which cannot perform data transfer in the specified range shall discard themselves from further 
bus operations and go into Inactive State. The levels in the OCR register shall be defined accordingly 
(See Chapter 5.1). Note that ACMD41 is application specific command, therefore APP CMD (CMD55) 
shall always precede ACMD41. The RCA to be used for CMD55 in idle state shall be the card's default 
RCA = 0x0000. 

After the host issues a reset command (CMDO) to reset the card, the host shall issue CMD8 prior to 
ACMD41 to re-initialize the SD Memory card. 
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Power on 


CMDO <— from all states except (ina) 


F CMDO + 
SPI Operation <— OS Asserted 
Mode ("0") 


If card cannot operate under supplied voltage 
card doesn't respond and return to 'Idle State’ 


CMD8 Itis mandatory for the host compliant 
Pte Physical Spec Version 2.00 
to send CMD8 before ACMD41 


Inactive 
ACMD41 PÅ State(ina CMD15 


Ready State 
(ready) 


card returns busy (“1) or 
host omitted voltage range 


No Response 


(Non valid command) 
Must be a 


MultiMediaCard 


Start MultiMediaCard 
initialization process 
starting at CMD1 


CMD11 cards with non compatible 


Se voltage range 


card executes Voltage 
Switch Sequence. 

Whether it can be executed 
is determined in ACMDA 1. 


Identification 
State(ident 
. i A Card responds with 
card-identification-mode new RCA CMD3 


data-transfer-mode 


from all states in 
CMD3 data-transfer-mode 


Card responds with 
new RCA 


(*1) Note : Card returns busy when 


- Card executes internal initialization process 
- Card is High or Extended capacity SD Memory Card and host doestt support 
High or Extended capacity 


This means that CMD8 is mandatory to initialize High capacity SD Memory Card 


Figure 4-1: SD Memory Card State Diagram (card identification mode) 


By setting the OCR to zero in the argument of ACMD41, the host can query each card and determine 
the common voltage range before sending out-of-range cards into the Inactive State (query mode). This 
query should be used if the host is able to select a common voltage range or if a notification to the 
application of non usable cards in the stack is desired. The card does not start initialization and ignores 
HCS in the argument (refer to Section 4.2.3) if ACMD41 is issued as a query. Afterwards, the host may 
choose a voltage for operation and reissue ACMD41 with this condition, sending incompatible cards into 
the Inactive State. 

During the initialization procedure, the host is not allowed to change the operating voltage range. Refer 
to the power up sequence as described in Chapter 6.4. 
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4.2.3 Card Initialization and Identification Process 

After the bus is activated the host starts card initialization and identification process (See Figure 4-2). 
The initialization process starts with SD SEND OP COND (ACMD41) by setting its operational 
conditions and the HCS bit in the OCR. The HCS (Host Capacity Support) bit set to 1 indicates that the 
host supports High Capacity SD Memory card. The HCS (Host Capacity Support) bit set to 0 indicates 
that the host does not support High Capacity SD Memory card. 

Receiving of CMD8 expands the ACMD41 function; HCS in the argument and CCS (Card Capacity 
Status) in the response. HCS is ignored by cards, which didn't respond to CMD8. However the host 
should set HCS to 0 if the card returns no response to CMD8. Standard Capacity SD Memory Card 
ignores HCS. If HCS is set to 0, High Capacity SD Memory Card never return ready statue (keep busy 
bit to 0). The busy bit in the OCR is used by the card to inform the host whether initialization of ACMD41 
is completed. Setting the busy bit to 0 indicates that the card is still initializing. Setting the busy bit to 1 
indicates completion of initialization. The host repeatedly issues ACMD41 for at least 1 second or until 
the busy bit are set to 1. 

The card checks the operational conditions and the HCS bit in the OCR only at the first ACMD41 with 
setting voltage window in the argument. While repeating ACMD41, the host shall not issue another 
command except CMDO. 

If the card responds to CMD8, the response of ACMD41 includes the CCS field information. CCS is 
valid when the card returns ready (the busy bit is set to 1). CCS=1 means that the card is a High 
Capacity SD Memory Card or Extended Capacity SD Memory Card. CCS=0 means that the card is a 
Standard Capacity SD Memory Card. 

The host performs the same initialization sequence to all of the new cards in the system. Incompatible 
cards are sent into Inactive State. The host then issues the command ALL SEND CID (CMD2), to each 
card to get its unique card identification (CID) number. Card that is unidentified (i.e. which is in Ready 
State) sends its CID number as the response (on the CMD line). After the CID was sent by the card it 
goes into Identification State. Thereafter, the host issues CMD3 (SEND RELATIVE ADDR) asks the 
card to publish a new relative card address (RCA), which is shorter than CID and which is used to 
address the card in the future data transfer mode. Once the RCA is received the card state changes to 
the Stand-by State. At this point, if the host wants to assign another RCA number, it can ask the card to 
publish a new number by sending another CMD3 command to the card. The last published RCA is the 
actual RCA number of the card. 

The host repeats the identification process, i.e. the cycles with CMD2 and CMD3 for each card in the 
system. 

Initialization of SDXC is identical to SDHC. User area capacity of SDXC card is specified by C_SIZE 
and it shall be more than or equal to 32GB. 


Application Notes: 

The host shall set ACMD41 timeout more than 1 second to abort repeat of issuing ACMD41 when 
the card does not indicate ready. The timeout count starts from the first ACMD41 which is set 
voltage window in the argument. 
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Power-on 


CMD8 
Card returns response 


Non-compatible voltage range 
or check pattern is not correct 


Ver2.00 or later SD Memory Card(voltage mismatch) 
or Ver1.X SD Memory Card 
or not SD Memory Card 
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ACMD41 Card 
with HC S=0 
I ———______ Compatible voltage range 
and check pattern is correct 
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‘ina’ state) or time-out 
(no response or busy) occurs 


Card returns 
busy 


/ 


` Unusable — 
Card 


Card returns 
ready 


Not SD Memory Card 


Ver2.00 or later 
High Capacity or 


Ver2.00 or later 
Standard Capacity 
SD Memory Card 


Ver1.X 
Standard Capacity 


SD Memory Card SD Memory Card 


Extended Capacity, 


Se If host supports high capacity, HCS is set to 1 


Unusable 
Card ` 
Tr Dee 
S S P with HC S=0or1 
cards with non compatible voltage range 


or time-out (no response or busy) occurs 


S18R and S18A are negotiated in ACMD41. 


S18R=0 or S18A=0 


Figure 4-2: Card Initialization and Identification Flow (SD mode) 
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4.2.3.1 Initialization Command (ACMD41) 
Figure 4-3 shows argument format and Figure 4-4 shows response format. Two new fields are added to 
the argument of ACMD41. 
XPC is used for power control in default speed mode or SDR12 mode of SDXC card. If host set XPC to 
0, the card is operating less than 100mA but speed class is not supported (Class 0 is indicated in SD 
Status). If host set XPC to 1, the card is operating less than 150mA and Speed Class is supported. 
UHS-I supported host sets S18R=1 in the argument of ACMD41 to request the card to switch 1.8V 
signaling level. UHS-I supports card respond with S18A=1 in the response of ACMD41 and then host 
can issue voltage switch command. 


(1) Argument of ACMD41 


Index SC EC (FB) E Reserved S18R Reserved CRC7 
29 27-25 24 -l 07-00 
101001 0 0000000 XXXXXXX 


Host Capacity Support SDXC Power Control S18R ` Switching to 1.8V Request 
Ob: SDSC Only Host Ob: Power Saving Ob: Use current signal voltage 
1b: SDHC or SDXC Supported 1b: Maximum Performance 1b: Switch to 1.8V signal voltage 


Note: Fast Boot (Bit 29) is reserved for eSD. 
Figure 4-3 : Argument of ACMD41 


(2) Response of ACMD41 (R3) 


07-01 


47 
Index Busy CCS Rsvd. | Reserved | S18A OCR Reserved CRC7 
31 30 29 28-25 24 23-08 07-00 
oo mf [ee Jr Ken of mme [] 
1 1 6 1 1 4 1 16 8 7 1 


Busy Status Card Capacity Status S18A : Switching to 1.8V Accepted 
Ob: On Initialization Ob: SDSC Ob: Continues current voltage signaling 
1b: Initialization Complete 1b: SDHC or SDXC 1b: Ready for switching signal voltage 


Figure 4-4 : Response of ACMD41 


CCS (Bit 30) and S18A (Bit 24) are valid when Busy (Bit 31) is set to 1. 
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4.2.4 Bus Signal Voltage Switch Sequence 


4.2.4.1 Initialization Sequence for UHS-I 
Figure 4-5 shows sequence of commands to perform voltage switch and Figure 4-6 shows initialization 
flow chart for UHS-I hosts. Red and yellow boxes are new procedure to initialize UHS-I card. 


Repeat ACMD41 


The Last ACMD41 


Bit 30: HCS=1 Bit 31: Busy Bit 31: Ready 
Bit 24: S18R=1 Bit 30: CCS Invalid Bit 30: CCS=1 
Bit 24: S18A Invalid Bit 24: S18A=1 


Figure 4-5 : ACMD41 Timing Followed by Voltage Switch Sequence 


ACMD41 HCS=1, S18R=1 


No Response D31=0 (busy) 
ACMD6 


D31=1 (Completed) 4-bit mode 
Check CCS 


S18A=0 (No Switch) 


Check S18R — 
S18A=1 (Switch) Function Group 3 
CMD11 Driver Strength 


CMD6 


No Response Function Group 1, 4 


Get Response UHS-I Model Current Limit 


Vv 
Voltage Switch Sequence 
Switch to SDR12 timing 


Switch Error 


No — 4.8V Signal UHS-I Mode 


Power Cycle 


Figure 4-6 : UHS-I Host Initialization Flow Chart 


When signaling level is 3.3V, host repeats to issue ACMD41 with HCS=1 and S18R=1 until the response 
indicates ready. The argument (HCS and S18R) of the first ACMD41 is effective but the all following 
ACMD41 should be issued with the same argument. If Bit 31 indicates ready, host needs to check CCS 
and S18A. The card indicates S18A=0, which means that voltage switch is not allowed and the host 
needs to use current signaling level. S18A=1 means that voltage switch is allowed and host issues 
CMD11 to invoke voltage switch sequence. By receiving CMD11, the card returns R1 response and start 
voltage switch sequence. No response of CMD11 means that S18A was 0 and therefore host should not 
have sent CMD11. Completion of voltage switch sequence is checked by high level of DAT[3:0]. Any bit of 
DAT[3:0] can be checked depends on ability of the host. 

In case of UHS-I card, appropriate driver strength is selected by CMD6 Function Group 3 and one of 
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UHS-I modes is selected by CMD6 Function Group 1. 
In SDR50 and SDR104 modes, if tuning of sampling point is required, CMD19 is repeatedly issued until 
tuning is completed. 


4.2.4.2 Timing to Switch Signal Voltage 

Clock frequency range shall be 100KHz - 400KHz during initialization sequence. Table 4-2 shows 
command (S18R) - response (S18A) combinations to switch signal voltage in ACMD41. S18R is defined 
in the command argument and indicates signal voltage switch request by the host. S18A is defined in 
the response and indicates voltage switch acceptance by the card (voltage is not switched here). If 
signaling level is already 1.8V, S18R is ignored and signal voltage switch sequence is not started. 
$18A=0 means that current signaling level is maintained. Refer to Section 4.2.3.1 about new fields 
defined in ACMD41. 


Current Signaling Level | S18R S18A | Comment 
3.3V 0 0 1.8V signaling is not requested 
1 0 The card does not support 1.8V signaling 
1 1 Start signal voltage switch sequence 
1.8V X 0 Already switched to 1.8V 


Table 4-2 : S18R and S18A Combinations 


To change signaling level at the same time between host and card, signal voltage switch sequence is 
invoked by CMD11 as shown in Figure 4-7. CMD11 is issued only when S18A=1 in the response of 
ACMD41. 


3.3V (4) 


1.8v (6) 
SDCLK Provide SD Clock at 3.3V (5) Provide SD Clock at 1.8V 
ov 
3.3V | i ce EE 
CMD11 R1 | 
CMD Resp. 
ov i 


(1) (2) (3) 
3.3V 


DAT[3:0] 


Figure 4-7 : Signal Voltage Switch Sequence 


) Host issues CMD11 to start voltage switch sequence. 

(2) The card returns R1 response. 

(3) The card drives CMD and DAT[3:0] to low immediately after the response. 

(4) The host stops supplying SDCLK. The card shall start switching voltage after host stops SDCLK. 
The time to stop SDCLK is not specified. 
The host can detect whether the sequence starts by checking signal level of either one of CMD, 
DAT[3:0]. Which signal should be checked depends on ability of the host. If low level is not 
detected, the host should abort the sequence and execute power cycle. 

(5) 1.8V output of voltage regulator in card shall be stable within 5ms. Host keeps SDCLK low at least 
5ms. This means that 5ms is the maximum for the card and the minimum for the host. 

(6) After 5ms from (4) and host voltage regulator is stable, the host starts providing SDCLK at 1.8V. 
The card can check whether SDCLK voltage is 1.8V. 

(7) By detecting SDCLK, the card drives CMD to high at 1.8V at least one clock and then stop driving 
(tri-state). CMD is triggered by rising edge of SDCLK (SDR timing). 

(8) The card can check whether host drives CMD to 1.8V through the host pull-up resister. 

(9) If switching to 1.8V signaling is completed successfully, the card drives DAT[3:0] to high at 1.8V at 

least one clock and then stop driving (tri-state). DAT[3:0] is triggered by rising edge of SDCLK 
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(SDR timing). DAT[3:0] shall be high within 1ms from start of providing SDCLK. Host check 
whether DAT[3:0] is high after Ims from supplying SDCLK. This means that 1ms is the maximum 
for the card and the minimum for the host. 

After the sequence is completed, the host and the card start communication in SDR12 timing. 


4.2.4.3 Timing of Voltage Switch Error Detection 
Figure 4-8 shows the timing when an error occurs during signal voltage switch sequence. 


3.3V (4) 
1.8v 16) 


SDCLK | Provide SD Clock with 3.3V | (5) Provide Clock 


1 
1 
1 
1 
ov , 1 
1 
1 
1 
1 


4— 5ms (min.) —' Card Power off 


3.3V 
CMD11 R1 i asy , -(B) 

CMD Resp. "e mm 8 
ov er 


(1) (2) (3) 


12 


3.3V ' 
DAT[3:0] be 1ms (max.) — 


(A) 


I 
SS 
I 
I 
I 
I 
I 


i I 
Lt 
I 


G- 


Figure 4-8 : Error Indication Timing 


(A) If the card detects voltage error at any point in (5)-(8), the card keeps driving DAT[3:0] to low until 
card power off. 

(B) CMD may be low or tri-state. 

(C)The host checks whether DAT[3:0] is high after 1ms from starting to provide SDCLK. 

(D) If DAT[3:0] is low, the host drives SDCLK to low and then stops supplying the card power. 


The card shall check voltages of own regulator output and host signals to be less than 2.5V. Error 
occurrences are indicated by (A) and (B). 


4.2.4.4 Voltage Switch Command 

Figure 4-9 shows Voltage Switch Command (CMD11) definition. CMD11 can be executed in ready state 
and doesn't change the state. Even if the card is locked, CMD11 can be executed. Returning R1 type 
response means the card starts voltage switch sequence. If the host detects no response, power cycle 
should be executed. 
There are four cases that the card indicates no response to CMD11. 

(1) The card does not support voltage switch. 

(2) The card supports voltage switch but ACMD41 is received with S18R=0. 

(3) The card receives CMD11 not in ready state. 

(4) Signaling level is already switched to 1.8V. 
For all above cases, CMD11 is treated as an illegal command. 


Voltage Switch Command 


SITT Index | Reserved |CRC7 
alot ald 


CMD 


DAT[3:0] 


Figure 4-9 : Voltage Switch Command 
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4.2.4.5 Tuning Command 

A known data block ("Tuning block") can be used to tune sampling point for tuning required hosts. The 
tuning capability of sampling point is mandatory for HOST-SDR-VD and optional for HOST-SDR-FD. 
This procedure gives the system optimal timing for each specific host and card combination and 
compensates for static delays in the timing budget including process, voltage and different PCB loads 
and skews. 


CMD19 is defined for Send Tuning Block Command. R1 type response is defined. CMD19 can be 
executed in transfer state but CMD19 is treated as illegal command if the card is locked. Data block 
contains a pattern for tuning sampling position to receive data on the CMD and DAT[3:0] line. The block 
length of CMD19 is fixed and CMD16 is not required. 


The tuning command (CMD19) follows the timing of the single block read command as described in 
Figure 4-10. 


Send Tuning Pattern Command 


IS|T| Index | Reserved | 
o[1[o10011[ ` ag | 


CMD = 


DAT[3:0] 


128-bit Tuning Block CRC16/E| 
Tuning Block Pattern | xxxx [1] 


Figure 4-10 : Send Tuning Pattern Command 


This sequence is defined as multiple, consecutive executions of CMD19 that are sent from the host and 
responded by the card, without any other command mixed between them. 

The card shall complete a sequence of 40 times CMD19 executions in no more than 150ms. The tuning 
process is normally shorter than 40 executions of CMD19, and therefore should be shorter than 150 
ms. 

The sequence period definition does not include any host processing time. If host needs time to 
process CMD19 between executions, the sequence may be longer by this amount of time. 


FFOFFFOO FFCCC3CC C33CCCFF FEFFFEEF 
FFDFFFDD FFFBFFFB BFFF7FFF 77F7BDEF 


FFFOFFFO OFFCCC3C CC33CCCF FFEFFFEE 
FFFDFFFD DFFFBFFF BBFFF7FF F77F7BDE 


Table 4-3 : Tuning Block Pattern 
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The tuning block is defined as a regular block, containing 64 bytes of a known predefined data. 
DAT[3:0] outputs 4-bit data in Figure 4-11 every SDCLK from left to right and up to down. 


CRC16 Value for each line 


Tuning Pattern 


DAT[0] 
DAT! 
DAT[2] 
DAT[3] 


Figure 4-11 : Tuning Block on DAT[3:0] 


How to output the pattern to DAT[3:0] is illustrated in Figure 4-11 (only the first 8 bytes are indicated). 
The fixed CRC16 value for each line is also indicated in the figure. 


The following 3 cases are designed into the tuning block: 

(1) Positive pulse to all 4 DAT lines simultaneously simulating maximum power & ground bounce 
effects — usually gives the maximum overshoot / undershoot. 

(2) Positive pulse to 2 DAT lines and, at the same time, negative pulse to the other 2 DAT lines 
Simulating combination of ground bounce and impedance mismatch — usually gives maximum Tpd. 

(3) Positive pulse to 1 DAT line, while the other 3 DAT lines are quiet 
Simulating impedance mismatch effects — usually gives minimum Tpd. 


The tuning block purpose is to create a "Special" signal integrity cases on the bus. This causes the 
maximum: noise, deterministic jitter, ISI and timing errors. 

Therefore, the purpose is to create the worst case "eye diagram" that the system should experience in 
a specific host and card combination. 
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4.2.4.6 An Example of UHS-I System Block Diagram 


Figure 4-12 shows UHS-I system block diagram. 3.3V VDD is supplied through power pin. Power 
switches are requiring to execute power cycle in case error occurs when entering UHS-I mode. Internal 
voltage regulator is required in host and card to support 1.8V level. An error occurrence is detected by 
monitoring signaling level. Implementation of signaling level check is mandatory for card and optional 


for host. 


UHS-I HOST 


SD Memory Card 


3.3V 


Reference Regulator 
Voltage /Selector 


Random Logic 


Important! 
Host needs to use 
regulator output for 


pull-up. 


CMD 


Regulator 
/Selector 


Circuits 


DAT[3:0] 


Reference 
Voltage 


Error 
Detection 


Random Logic 
Circuits 


Figure 4-12 : An Example of UHS-I System Block Diagram 
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4.3 Data Transfer Mode 


Until the end of Card Identification Mode the host shall remain at fop frequency because some cards 
may have operating frequency restrictions during the card identification mode. In Data Transfer Mode 
the host may operate the card in fpp frequency range (see Chapter 6.6.6). The host issues SEND CSD 
(CMD9) to obtain the Card Specific Data (CSD register), e.g. block length, card storage capacity, etc. 
The broadcast command SET DSR (CMD4) configures the driver stages of all identified cards. It 
programs their DSR registers corresponding to the application bus layout (length) and the number of 
cards on the bus and the data transfer frequency. The clock rate is also switched from fop to fpp at that 
point. SET_DSR command is an option for the card and the host. 

CMD7 is used to select one card and put it into the Transfer State. Only one card can be in the Transfer 
State at a given time. If a previously selected card is in the Transfer State its connection with the host is 
released and it will move back to the Stand-by State. When CMD7 is issued with the reserved relative 
card address "0x0000", all cards are put back to Stand-by State (Note that it is the responsibility of the 
Host to reserve the RCA=0 for card de-selection - refer to Table 4-21, CMD7. 


CMD3 CMD 15 CMDO 


card identification 


mode 
data transfer | from all states in | 
mode data-transfer-mode 


Sending-data 
State (data 


CMD6, 17,18,19,30, 56(r) 
ACMD13,22,51 


CMD13, CMD55 


no state transition 
in data-transfer-mode 


CMD12, 
"operation 
complete" 


CMD7 


Stand-by State 
(stby) 


Transfer 
State (tran 


CMD16,23,32,33 
ACMD6, 42 
ACMD23 


CMD7 


CMD4, 9,10,3 


"operation 
complete" 


CMD24,25,26,27,42,56(w) 


CMD20, 28,29,38 


"operation 
complete" 


State (dis 


Figure 4-13: SD Memory Card State Diagram (data transfer mode) 


Receive-data 
State (rcv 


CMD12 or 
"transfer end" 


CMD7 


Programming 
State (pr: 


CMD7 


This may be used before identifying new cards without resetting other already registered cards. Cards 
which already have an RCA do not respond to identification commands (ACMD41, CMD2, see Chapter 
4.2.3) in this state. 

Important Note: The card de-selection is done if certain card gets CMD7 with un-matched RCA. That 
happens automatically if selection is done to another card and the CMD lines are common. So, in SD 
Memory Card system it will be the responsibility of the host either to work with common CMD line (after 
initialization is done) - in that case the card de-selection will be done automatically or if the CMD lines 
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are separate then the host shall be aware to the necessity to de-select cards. 

All data communication in the Data Transfer Mode is point-to point between the host and the selected 
card (using addressed commands). All addressed commands get acknowledged by a response on the 
CMD line. 


The relationship between the various data transfer modes is summarized below. 


All data read commands can be aborted any time by the stop command (CMD12). The data transfer 
will terminate and the card will return to the Transfer State. The read commands are: block read 
(CMD17), multiple block read (CMD18), send write protect (CMD30), send scr (ACMD51) and 
general command in read mode (CMD56). 

All data write commands can be aborted any time by the stop command (CMD12). The write 
commands shall be stopped prior to deselecting the card by CMD7. The write commands are: block 
write (CMD24 and CMD25), program CSD (CMD27), lock/unlock command (CMD42) and general 
command in write mode (CMD56). 

As soon as the data transfer is completed, the card will exit the data write state and move either to 
the Programming State (transfer is successful) or Transfer State (transfer failed). 

If a block write operation is stopped and the block length and CRC of the last block are valid, the 
data will be programmed. 

The card may provide buffering for block write. This means that the next block can be sent to the 
card while the previous is being programmed. 

If all write buffers are full, and as long as the card is in Programming State (see SD Memory Card 
state diagram Figure 4-13 ), the DATO line will be kept low (BUSY). 

There is no buffering option for write CSD, write protection and erase. This means that while the 
card is busy servicing any one of these commands, no other data transfer commands will be 
accepted. DATO line will be kept low as long as the card is busy and in the Programming State. 
Actually if the CMD and DATO lines of the cards are kept separated and the host keep the busy 
DATO line disconnected from the other DATO lines (of the other cards) the host may access the 
other cards while the card is in busy. 

Parameter set commands are not allowed while card is programming. 

Parameter set commands are: set block length (CMD16), erase block start (CMD32) and erase 
block end (CMD33). 

Read commands are not allowed while card is programming. 

Moving another card from Stand-by to Transfer State (using CMD7) will not terminate erase and 
programming operations. The card will switch to the Disconnect State and will release the DAT line. 
Acard can be reselected while in the Disconnect State, using CMD7. In this case the card will move 
to the Programming State and reactivate the busy indication. 

Resetting a card (using CMDO or CMD15) will terminate any pending or active programming 
operation. This may destroy the data contents on the card. It is the host's responsibility to prevent 
this. 

CMD34-37, CMD50 and CMD57 are reserved for SD command system expansion. State transitions 
for these commands are defined in each command system specification. 
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4.3.1 Wide Bus Selection/Deselection 


Wide Bus (4 bit bus width) operation mode may be selected/deselected using ACMD6. The default bus 
width after power up or GO IDLE (CMDO) is 1 bit bus width. 

In order to change the bus width two conditions shall be met: 

a) The card is in 'tran state’. 

b) The card is not locked 


A locked card will responds to ACMD6 as illegal command. 


4.3.2 2 GByte Card 
To make 2GByte card, the Maximum Block Length (READ BL LEN=WRITE BL LEN) shall be set to 
1024 bytes. However, the Block Length, set by CMD16, shall be up to 512 bytes to keep consistency 
with 512 bytes Maximum Block Length cards (Less than and equal 2GByte cards). 


4.3.3 Data Read 
The DAT bus line level is high by the pull-up when no data is transmitted. A transmitted data block 
consists of start bits (1 or 4 bits LOW), followed by a continuous data stream. The data stream contains 
the payload data (and error correction bits if an off-card ECC is used). The data stream ends with end 
bits (1 or 4 bits HIGH) (see Figure 4-28 to Figure 4-30). The data transmission is synchronous to the 
clock signal. The payload for block oriented data transfer is protected by 1 or 4 bits CRC check sum 
(See Chapter 3.6). 
The Read operation from SD Memory Card may be interrupted by turning the power off. The SD 
Memory Card ensures that data is not destroyed during all the conditions except write or erase 
operations issued by the host even in the event of sudden shut down or removal. 
Read command is rejected if BLOCK LEN ERROR or ADDRESS ERROR occurred and no data 
transfer is performed. 


Block Read 


Block read is block oriented data transfer. The basic unit of data transfer is a block whose maximum 
size is always 512 bytes. Smaller blocks whose starting and ending address are entirely contained 
within 512 bytes boundary may be transmitted. 

Block Length set by CMD16 can be set up to 512 bytes regardless of READ_BL_LEN. 

A CRC is appended to the end of each block ensuring data transfer integrity. CMD17 
(READ SINGLE BLOCK) initiates a block read and after completing the transfer, the card returns to 
the Transfer State. CMD18 (READ MULTIPLE BLOCK) starts a transfer of several consecutive blocks. 
Blocks will be continuously transferred until a STOP_TRANSMISSION command (CMD12) is issued. 
The stop command has an execution delay due to the serial command transmission. The data transfer 
stops after the end bit of the stop command. 

When the last block of user area is read using CMD18, the host should ignore OUT OF RANGE error 
that may occur even the sequence is correct. 

If the host uses partial blocks whose accumulated length is not block aligned and block misalignment is 
not allowed, the card shall detect a block misalignment at the beginning of the first misaligned block, set 
the ADDRESS_ERROR error bit in the status register, abort transmission and wait in the Data State for 
a stop command. 
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Table 4-4 defines the card behavior when a partial block accesses is enabled. 
If the misaligned block is the first data block of the command (i.e. ADDRESS ERROR was reported in 
the actual response to the command), then no data is transferred and the card remains in the TRAN 


state. 
Max block size besse Current , Read CMD 
READ BL LEN | Misalign Partial Blocklen Start Address 
512Bytes 0 (Disable) | 1(Enable) | 1-512 bytes | Any address is accepted. 2 
E 0 (Disable) | 1 (Enable) | 1-512 bytes | Any address is accepted. 
2kBytes 0 (Disable) | 1 (Enable) | 1-512 bytes | Any address is accepted. 2 


*1: "Current Blocklen" size is set or changed by CMD16. If value is less than or equal 512 bytes 
(There are no relations with Misalign and Partial option), it is set with no error. 

*2: When the Blocklen size data range crosses 512 bytes block boundary, card outputs the data 
until the 512 bytes block boundary" and then the data becomes invalid and CRC error also 
may occur. The card will send "ADDRESS_ERROR" on the next command response. Host 
should issue CMD12 to recover. 


Table 4-4: Read Command Blocklen 


4.3.4 Data Write 


The data transfer format is similar to the data read format. For block oriented write data transfer, the 
CRC check bits are added to each data block. The card performs 1 or 4 bits CRC parity check (See 
Chapter 4.5) for each received data block prior to the write operation. By this mechanism, writing of 
erroneously transferred data can be prevented. 

Write command is rejected if BLOCK LEN ERROR or ADDRESS ERROR occurred and no data 
transfer is performed. 


Block Write 
During block write (CMD24 - 27, 42, 56(w)) one or more blocks of data are transferred from the host to 
the card with 1 or 4 bits CRC appended to the end of each block by the host. A card supporting block 
write shall be required that Block Length set by CMD16 shall be 512 bytes regardless of 
WRITE BL LEN is set to 1k or 2k bytes. 
Table 4-5 defines the card behavior when partial block accesses is disabled (WRITE BL PARTIAL = 0). 


Max block size Ge SE Mo MD 
WRITE BL LEN Misalign Partial Blocklen Start Address 
S P Z 3 
512Bytes 0 (Disable) | 0 (Disable) | 512 bytes n * 512 bytes (n: Integer) 
1kBytes 0 (Disable) | O (Disable) | 512 bytes n * 512 bytes (n: Integer) 
2kBytes 0 (Disable) | O (Disable) | 512 bytes n * 512 bytes (n: Integer) 


*1: "Current Blocklen" size is set or changed by CMD16. If value is less than 512 bytes (there are no 
relations with Misalign and Partial option), it is set with no error. And then "Current Blocklen" size is 
tested when write command execution. 
*2: If the current Blocklen is other than this value, the card indicates "BLOCK LEN ERROR" on the 
Write command response. 
*3: If start address is other than this value, the card will send "ADDRESS ERROR" on the Write command response. 


Table 4-5: Write Command Blocklen 
If WRITE BL PARTIAL is allowed (=1) then smaller blocks, up to resolution of one byte, can be used 


as well. If the CRC fails, the card shall indicate the failure on the DAT line (see below); the transferred 
data will be discarded and not be written, and all further transmitted blocks (in multiple block write 
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mode) will be ignored. 

Multiple block write command shall be used rather than continuous single write command to make 
faster write operation. 

If the host uses partial blocks whose accumulated length is not block aligned and block misalignment is 
not allowed (CSD parameter WRITE_BLK_MISALIGN is not set), the card shall detect the block 
misalignment error and abort programming before the beginning of the first misaligned block. The card 
shall set the ADDRESS_ERROR error bit in the status register, and while ignoring all further data 
transfer, wait in the Receive-data-State for a stop command. 

Note that the first data block is misaligned for write command (i.e. ADDRESS ERROR is reported in the 
actual response of the write command), the card remains in tran state and no data is programmed. 

The write operation shall also be aborted if the host tries to write over a write protected area. In this 
case, however, the card shall set the WP_VIOLATION bit. 

Programming of the CSD register does not require a previous block length setting. The transferred data 
is also CRC protected. If a part of the CSD register is stored in ROM, then this unchangeable part shall 
match the corresponding part of the receive buffer. If this match fails, then the card will report an error 
and not change any register contents. 

Some cards may require long and unpredictable times to write a block of data. After receiving a block of 
data and completing the CRC check, the card will begin writing and hold the DATO line low if its write 
buffer is full and unable to accept new data from a new WRITE_BLOCK command. The host may poll 
the status of the card with a SEND STATUS command (CMD13) at any time, and the card will respond 
with its status. The status bit READY FOR DATA indicates whether the card can accept new data or 
whether the write process is still in progress). The host may deselect the card by issuing CMD7 (to 
select a different card) which will displace the card into the Disconnect State and release the DAT line 
without interrupting the write operation. When reselecting the card, it will reactivate busy indication by 
pulling DAT to low if programming is still in progress and the write buffer is unavailable. Actually, the 
host may perform simultaneous write operation to several cards with inter-leaving process. The 
interleaving process can be done by accessing each card separately while other cards are in busy. This 
process can be done by proper CMD and DATO-3 line manipulations (disconnection of busy cards). 


Pre-erased Setting prior to a Multiple Block Write Operation 

Setting a number of write blocks to be pre-erased (ACMD23) will make a following Multiple Block Write 
operation faster compared to the same operation without preceding ACMD23. The host will use this 
command to define how many number of write blocks are going to be send in the next write operation. If 
the host will terminate the write operation (Using stop transmission) before all the data blocks sent to 
the card the content of the remaining write blocks is undefined(can be either erased or still have the old 
data). If the host will send more number of write blocks than defined in ACMD23 the card will erase 
block one by one(as new data is received). This number will be reset to the default (=1) value after 
Multiple Blocks Write operation. 

It is recommended using this command preceding CMD25, some of the cards will be faster for Multiple 
Write Blocks operation. Note that the host should send ACMD23 just before WRITE command if the 
host wants to use the pre-erased feature. If not, pre-erase-count might be cleared automatically when 
another commands (ex: Security Application Commands) are executed. 


Send Number of Written Blocks 

Systems that use Pipeline mechanism for data buffers management are, in some cases, unable to 
determine which block was the last to be well written to the flash if an error occurs in the middle of a 
Multiple Blocks Write operation. The card will respond to ACMD22 with the number of well written 
blocks. 
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4.3.5 Erase 
It is desirable to erase many write blocks simultaneously in order to enhance the data throughput. 
Identification of these write blocks is accomplished with the ERASE_WR_BLK_START (CMD32), 
ERASE_WR_BLK_END (CMD33) commands. 
The host should adhere to the following command sequence: ERASE WR BLK START, 
ERASE_WR_BLK_END and ERASE (CMD38). 
If an erase (CMD38) or address setting (CMD32, 33) command is received out of sequence, the card 
shall set the ERASE_SEQ_ERROR bit in the status register and reset the whole sequence. 
If an out of sequence command (except SEND STATUS) is received, the card shall set the 
ERASE_RESET status bit in the status register, reset the erase sequence and execute the last 
command. 
If the erase range includes write protected sectors, they shall be left intact and only the non protected 
sectors shall be erased. The WP_ERASE_SKIP status bit in the status register shall be set. 
The address field in the address setting commands is a write block address in byte units. The card will 
ignore all LSB's below the WRITE_BL_LEN (see CSD) size. 
As described above for block write, the card will indicate that an erase is in progress by holding DATO 
low. The actual erase time may be quite long, and the host may issue CMD7 to deselect the card or 
perform card disconnection, as described in the Block Write section, above. 
The data at the card after an erase operation is either '0' or '1', depends on the card vendor. 
The SCR register bit DATA_STAT_AFTER_ERASE (bit 55) defines whether it is '0' or '1'. 


4.3.6 Write Protect Management 
Three write protect methods are supported in the SD Memory Card as follows: 
- Mechanical write protect switch (Host responsibility only) 
- Card internal write protect (Card's responsibility) 
- Password protection card lock operation. 


Mechanical Write Protect Switch 
A mechanical sliding tablet on the side of the card (refer to the Part 1 Mechanical Addenda) will be used 
by the user to indicate that a given card is write protected or not. If the sliding tablet is positioned in 
such a way that the window is open it means that the card is write protected. If the window is close the 
card is not write-protected. 
A proper, matched, switch on the socket side will indicate to the host that the card is write-protected or 
not. It is the responsibility of the host to protect the card. The position of the write protect switch is un- 
known to the internal circuitry of the card. 


Card's Internal Write Protection (Optional) 

Card data may be protected against either erase or write. The entire card may be permanently write- 
protected by the manufacturer or content provider by setting the permanent or temporary write protect 
bits in the CSD. For cards which support write protection of groups of sectors by setting the 
WP_GRP_ENABLE bit in the CSD, portions of the data may be protected (in units of WP_GRP_SIZE 
sectors as specified in the CSD), and the write protection may be changed by the application. The 
SET_WRITE_PROT command sets the write protection of the addressed write-protect group, and the 
CLR_WRITE_PROT command clears the write protection of the addressed write-protect group. 
The SEND_WRITE_PROT command is similar to a single block read command. The card shall send a 
data block containing 32 write protection bits (representing 32 write protect groups starting at the 
specified address) followed by 16 CRC bits. The address field in the write protect commands is a group 
address in byte units. The card will ignore all LSB's below the group size. 
The Password Card Lock protection is described in the following section. 

Note that the High Capacity SD Memory Card does not support Write Protection and does not respond 
to write-protection commands (CMD28, CMD29 and CMD30). 
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4.3.7 Card Lock/Unlock Operation 


4.3.7.1 General 

The password protection feature enables the host to lock a card while providing a password, which later 
will be used for unlocking the card. The password and its size are kept in a 128-bit PWD and 8-bit 
PWD_LEN registers, respectively. These registers are non-volatile so that a power cycle will not erase 
them. 

Locked cards respond to (and execute) all commands in the "basic" command class (class 0), 
ACMD41, CMD16 and "lock card" command class. Thus, the host is allowed to reset, initialize, select, 
query for status, etc., but not to access data on the card. If the password was previously set (the value 
of PWD LEN is not 0), the card will be locked automatically after power on. 

Similar to the existing CSD register write commands, the lock/unlock command is available in "transfer 
state" only. This means that it does not include an address argument and the card shall be selected 
before using it. 

The card lock/unlock command has the structure and bus transaction type of a regular single block 
write command. The transferred data block includes all the required information of the command 
(password setting mode, PWD itself, card lock/unlock etc.). Table 4-6 describes the structure of the 
command data block. Note that the host compliant to the Physical Specification Version 2.00 shall set 
reserved bits (Bit7-4) to 0 when issuing CMD42. 


Bit7 | Bit6 | Bits | Bit4 | Bits oz | 
Reserved ERASE LOCK_ 
(shall be set to 0) Pe | Mock | 


PWDS_LEN 


Password data 


Table 4-6: Lock Card Data Structure 


e ERASE: 1 Defines Forced Erase Operation. In byte 0, bit 3 will be set to 1 (all other bits shall be 
0). All other bytes of this command will be ignored by the card. 

e LOCK/UNLOCK: 1 = Locks the card. 0 = Unlock the card (note that it is valid to set this bit 
together with SET_PWD but it is not allowed to set it together with CLR_PWD). 

e CLR PWD: 1 = Clears PWD. 

e SET PWD: 1 = Set new password to PWD 

e PWDS_LEN: Defines the following password(s) length (in bytes). In case of a password 
change, this field includes the total password lengths of old and new passwords. 
The password length is up to 16 bytes. In case of a password change, the total length of the old 
password and the new password can be up to 32 bytes. 

e Password data: In case of setting a new password, it contains the new password. In case of a 
password change, it contains the old password followed by the new password. 


The data block size shall be defined by the host before it sends the card lock/unlock command. The 
block length shall be set to greater than or equal to the required data structure of the lock/unlock 
command. In the following explanation, changing block size by CMD16 is not a mandatory requirement 
for the lock/unlock command. 

Since block length shall always be even in DDR50 mode, the block length for CMD42 shall always be 
rounded up to an even size. If CMD16 is used prior to CMD42 to set the block length, it shall always 
specify an even length. 
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The following paragraphs define the various lock/unlock command sequences: 


Setting the Password 


e Select a card (CMD7), if not previously selected. 

e Define the block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bits password 
size (in bytes), and the number of bytes of the new password. In the case that a password 
replacement is done, then the block size shall consider that both passwords-the old and the new 
one-are sent with the command. 

e Send the Card Lock/Unlock command with the appropriate data block size on the data line 
including the 16-bit CRC. The data block shall indicate the mode (SET PWD), the length 
(PWDS_LEN) and the password itself. In the case that a password replacement is done, then 
the length value (PWDS_LEN) shall include both passwords (the old and the new one) and the 
password data field shall include the old password (currently used) followed by the new pass- 
word. Note that the card shall handle the calculation of the new password length internally by 
subtracting the old password length from PWDS_LEN field. 

e Inthe case that the sent old password is not correct (not equal in size and content), then the 
LOCK_UNLOCK_FAILED error bit will be set in the status register and the old password does 
not change. In the case that the sent old password is correct (equal in size and content), then 
the given new password and its size will be saved in the PWD and PWD_LEN registers, 
respectively. 

Note that the password length register (PWD_LEN) indicates if a password is currently set. When it 
equals 0, there is no password set. If the value of PWD_LEN is not equal to zero, the card will lock itself 
after power up. It is possible to lock the card immediately in the current power session by setting the 
LOCK/UNLOCK bit (while setting the password) or sending an additional command for card lock. 


Reset the Password: 


e Select a card (CMD7), if not previously selected. 

e Define the block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bit password 
size (in bytes), and the number of bytes of the currently used password. 

e Send the card lock/unlock command with the appropriate data block size on the data line 
including the 16-bit CRC. The data block shall indicate the mode CLR_PWD, the length 
(PWDS_LEN), and the password itself. If the PWD and PWD_LEN content match the sent 
password and its size, then the content of the PWD register is cleared and PWD_LEN is set to 
0. If the password is not correct, then the LOCK_UNLOCK_FAILED error bit will be set in the 
status register. 


Locking the Card: 

e Select a card (CMD7), if not previously selected. 

e Define the block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bit password 
size (in bytes), and the number of bytes of the currently used password. 

e Send the card lock/unlock command with the appropriate data block size on the data line 
including the 16-bit CRC. The data block shall indicate the mode LOCK, the length 
(PWDS_LEN) and the password itself. 

If the PWD content is equal to the sent password, then the card will be locked and the card-locked 
status bit will be set in the status register. If the password is not correct, then the 
LOCK UNLOCK FAILED error bit will be set in the status register. 

Note that it is possible to set the password and to lock the card in the same sequence. In such a case, 
the host shall perform all the required steps for setting the password (as described above) including the 
bit LOCK set while the new password command is sent. 

If the password was previously set (PWD_LEN is not 0), then the card will be locked automatically after 
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power on reset. 

An attempt to lock a locked card or to lock a card that does not have a password will fail and the 
LOCK_UNLOCK_FAILED error bit will be set in the status register, unless it was done during a 
password definition or change operations. 


Unlocking the Card: 

e Select a card (CMD7), if not previously selected. 

e Define the block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bit password 
size (in bytes), and the number of bytes of the currently used password. 

e Send the card lock/unlock command with the appropriate data block size on the data line 
including the 16-bit CRC. The data block shall indicate the mode UNLOCK, the length 
(PWDS_LEN) and the password itself. 

If the PWD content is equal to the sent password, then the card will be unlocked and the card-locked 
status bit will be cleared in the status register. If the password is not correct, then the 
LOCK_UNLOCK_FAILED error bit will be set in the status register. 

Note that unlocking is done only for the current power session. As long as the PWD is not cleared, the 
card will be locked automatically on the next power up. The only way to unlock the card is by clearing 
the password. 

An attempt to unlock an unlocked card will fail and LOCK_UNLOCK_FAILED error bit will be set in the 
status register, unless it was done during a password definition or change operation. 


4.3.7.2 Parameter and the Result of CMD42 

The block length shall be greater than or equal to the required data structure of CMD42; otherwise, the 
result of CMD42 is undefined and the card may be in the unexpected locked state. Table 4-7 clarifies 
the behavior of CMD42. The reserved bits in the parameter (bit7-4) of CMD42 shall be don't care. In the 
case that CMD42 requires the password, it is assumed that the old password and the new password 
are set correctly; otherwise the card indicates an error regardless of Table 4-7. If the password length is 
0 or greater than 128 bits, the card indicates an error. If errors occur during execution of CMD42, the 
LOCK UNLOCK FAILED (Bit24 of Card Status) shall be set to 1 regardless of Table 4-7. The 
CARD_IS_LOCKED (Bit25 of Card Status) in the response of CMD42 shall be the same as Current 
Card State in Table 4-7. In the field of Card Status, 0 to 1 means the card changes to Locked and 1 to 0 
means the card changes to Unlocked after execution of CMD42. It can be seen in the response of 
CMD13 after the CMD42. The LOCK_UNLOCK_FAILED (Bit24 of Card Status) as the result of CMD42 
can be seen in the response of either CMD42 or the following CMD13. 
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CMD42 Parameter in the data 
Bits: ERASE Related bits in the Card Status 
Bit2: LOCK_UNLOCK Bit25: CARD IS LOCKED 


Bit1: CLR PWD Bit24: LOCK UNLOCK FAILED 
Bit0: SET PWD 


CMD42 Parameter | Current |PWD LEN Result of the Function N Card Status 
5 Card State and PWD 


The card is locked 


The card is unlocked 
Force Erase (Refer to Table 4-8) 


Unlocked 
Unlocked 


Unlocked i Lock the card 

Unlocked Error 

Locked i Replace password and the card is still locked 
Unlocked i Replace password and the card is locked 
Unlocked Set Password and lock the card 

Locked i Clear PWD LEN and PWD and the card is unlocked 
Unlocked i Clear PWD LEN and PWD 

Unlocked Error (Note *4 Refer to Table 4-10) 

Locked i Replace password and the card is unlocked 
Unlocked i Replace password and the card is unlocked 
Unlocked Set password and the card is still unlocked 
Locked i Unlock the card 

Unlocked i Error 

Unlocked Error 


Table 4-7: Lock Unlock Function (Basic Sequence for CMD42) 


Application Note: 
To replace password, the host should consider following cases. When PWD LEN and password data 
exist, the card assumes old and new passwords are set in the data structure. When PWD LEN and 


PWD are cleared, the card assumes only new password is set in the data structure. In this case, the 
host shall not set old password in the data structure; otherwise, unexpected password is set. 
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4.3.7.3 Forcing Erase 
In the case that the user forgot the password (the PWD content) it is possible to erase all the card data 
content along with the PWD content. This operation is called Forced Erase. 
e Select a card (CMD7), if not previously selected already. 
e Define the block length (CMD16) to 1 byte (8-bit card lock/unlock command). Send the card 
lock/unlock command with the appropriate data block of one byte on the data line including the 
16 bit CRC. The data block shall indicate the mode ERASE (the ERASE bit shall be the only bit 
set). 
If the ERASE bit is not the only bit set in the data field, the LOCK_UNLOCK_FAILED error bit will be set 
in the status register and the erase request is rejected. If the command was accepted, then ALL THE 
CARD CONTENT WILL BE ERASED including the PWD and PWD_LEN register content and the 
locked card will be unlocked. An attempt to force erase on an unlocked card will fail and 
LOCK_UNLOCK_FAILED error bit will be set in the status register. 


4.3.7.3.1 Force Erase Function to the Locked Card 

Table 4-8 clarifies the relation between force erase and Write Protection. The force erase does not 
erase the secure area. The card shall keep its locked state during the erase execution and change to 
the unlocked state after the erase of all user area is completed. Similarly, the card shall keep Temporary 
and Group Write Protection during the erase execution and clear Write Protection after the erase of all 
user area is completed. In the case of an erase error occurs, the card can continue force erase if the 
data of error sectors are destroyed. 


Write Protections 
PWP: Permanent Write Protect (CSD Bit13) 
TWP: Temporary Write Protect (CSD Bit12) 
GWP: Group Write Protect (CMD28, CMD29, CMD30) 


CMD42 Parameter TWP Result of the Function Card Status 
ERE Ese) SUE 
ETTE Error (Note *2 Refer to Table 4-10) 


Execute force erase and clear Temporary Write|1 to 0 
Protect and Group Write Protect. (Note *3 Refer to 
Table 4-10 


1 o We | No Execute force erase. 


Table 4-8: Force Erase Function to the Locked Card (Relation to the Write Protects) 


44 Confidential 


©Copyright 2001-2009 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Specification Version 3.00 


4.3.7.4 Relation Between ACMD6 and Lock/Unlock State 
ACMD6 is rejected when the card is locked and bus width can be changed only when the card is 
unlocked. Table 4-9 shows the relation between ACMD6 and the Lock/Unlock state. 


Card State | Bus Mode |Result of the Function 
Unlocked | 1-bit mode |ACMD6 is accepted 
Locked 1-bit mode |ACMD6 is rejected and still in 1-bit mode 
Unlocked | 4-bit mode |ACMD6 is accepted 
Locked 4-bit mode |ACMD6 is rejected and still in 4-bit mode. CMDO change to 1-bit mode 
Table 4-9: Relation between ACMD6 and the Lock/Unlock State 


Application Note: 


After power on (in 1-bit mode), if the card is locked, the SD mode host shall issue CMD42 in 1-bit 
mode. If the card is locked in 4-bit mode, the SD mode host shall issue CMD42 in 4-bit mode. 


4.3.7.5 Commands Accepted for Locked Card 


The locked card shall accept commands listed below and return response with setting 
CARD IS LOCKED. 


1) Basic class (0) 

2) Lock card class (7) 
3) CMD16 

4) ACMD41 

5) ACMD42 


All other commands including security commands are treated as illegal commands. 
Note: CMD11 (Class 0) and CMD40 (Class 7) are new commands accepted in the locked card state. 
CMD40 is reserved for Security Specification. 


Application Note: 


After power on, the host can recognize the card lock/unlock state by the CARD_IS_ LOCKED in 
the response of CMD7 or CMD13. 
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4.3.7.6 Two Types of Lock/Unlock Card 

There are two types of lock/unlock function-supported cards. The Type 1 is the earlier version of SD 
Memory Card and the Type 2 is defined in the Physical Layer Specification Version 1.10 and higher. 
Table 4-10 shows the difference between these types of cards. The SD memory cards that support 
Lock/Unlock and comply with Version 1.01, can take either Type 1 or Type 2. The SD Memory Cards 
that support Lock/Unlock and comply with Version 1.10 and higher, shall take Type 2. 


Type 1 Card (Earlier Version) Type 2 Card (New Version) 
*1 in Table 4-7 | Treat CMD42 Parameter=0011b as 0001b. All results are Error 

Treat CMD42 Parameter=0111b as 0101b. 
Treat CMD42 Parameter=0110b as 0010b. 
Results of other combinations are Error. 

*2 in Table 4-8 | Execute force erase and set Permanent | The result is Error 

Write Protect. If force erase is completed, the | A priority is given to Permanent Write 
CARD_IS_LOCKED is changed from 1 to 0. | Protect from force erase. 


A priority is given to force erase from 
Permanent Write Protect. 


*3 in Table 4-8 | Execute force erase but Temporary Write | Execute force erase and clear 
Protect and Group Write Protect are not | Temporary Write Protect and Group 
cleared. It should be cleared by the host. Write Protect. 

*4 in Table 4-7 | CMD42 Parameter=0010 and  CMD42 | The result is Error. Card status Bit24 
Parameter=0110 The result is no error. Card | will be 1 

status Bit24 will be 0 


Table 4-10: Version Difference of Lock/Unlock Functions 


Application Note: 
The host can use both types of cards without checking the difference by taking account of the 
following points. 
(1) The host should not set the parameters of CMD42 that return an error listed in Table 4-7. 
(For *1) 
(2) The host should not issue a force erase command if the Permanent Write Protect is set to 1, 
otherwise the Type 1 card can no longer be used even if the user remembers the password. 
(For *2) 
(3) After the force erase, if the Temporary Write Protect is not cleared, the host should clear it. 
(For *3) 


4.3.8 Content Protection 

Detailed descriptions of the Content Protection mechanism and the related security SD Memory Card 
commands can be found in the "Part3 Security Specification" document. All SD Memory Card security 
related commands shall be operated in the data transfer mode of operation. 

As defined in the SDMI spec the data content that is saved in the card is saved already encrypted and it 
passes transparently to/from the card. NO operation is done on the data and there is no restriction on 
reading the data at any time. Associated with every data packet (song, for example) that is saved in the 
un-protected memory, there is a special data that shall be saved in a protected memory area. For any 
access (any Read or Write or Erase Command) from/to the data in the protected area, an 
authentication procedure shall be done between the card and the connected device, either the LCM 
(PC for example) or the PD (Portable Device - SD Player for example). After the authentication process 
has passed OK, the card is ready to accept or give data from/to the connected device. While the card is 
in the secured mode of operation (after the authentication succeeded), the argument and the 
associated data that is sent to the card or read from the card are encrypted. At the end of the 
Read/Write/Erase operation, the card leaves its secured mode automatically. 
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4.3.9 Application-Specific Commands 


4.3.9.1 Application-Specific Command — APP_CMD (CMD55) 

This command, when received by the card, causes the card to interpret the following command as an 
application-specific command, ACMD. The ACMD provides command extension, has the same 
structure as that of regular commands and it may have the same CMD number. The card recognizes it 
as ACMD by the fact that it appears after APP_CMD. 

When an ACMD is not defined, the card treats it as regular command. If, as an example, a card has a 
definition for ACMD13 but not for ACMD7, then, command 13 after APP_CMD is interpreted as the 
non-regular CMD13 but command 7 after APP CMD is interpreted as the regular CMD7. In order to 
use one of the ACMD's, the host should be: 

(1) When sending APP_CMD, the response has the APP_CMD bit set signaling to the host that 
ACMD is now expected. 

(2) ACMD55 does not exist. If multiple CMD55 are issued continuously, APP CMD bit in each 
response is set to 1. The command issued immediately after the last CMD55 shall be interpreted 
as ACMD. When more than one command (except CMD55) is issued directly after CMD55, the 
first command is interpreted as ACMD and the following commands are interpreted as regular 
commands 

(3) If a defined ACMD is send and it is legal, the response has the APP_CMD bit set, indicating that 
the accepted command is interpreted as ACMD. 

(4) If an undefined ACMD is sent and it is legal, the response has the APP_CMD bit cleared, 
indicating that the accepted command is interpreted as normal CMD. 

(5) If a defined or undefined ACMD is sent and it is illegal, then it is handled as an illegal command. 
Illegal Command Error is indicated in the next R1/R6 response and host should ignore APP CMD 
status in the response. Next command is handled as normal command. 


Host shall not use undefined ACMDs as regular commands even if the specification defines it. 

The following ACMD numbers are reserved for the SD Memory Card proprietary applications and shall 
not be used by any SD Memory Card manufacturer: 

ACMD6, ACMD13, ACMD17-26, ACMD38-49, ACMD51. 


In above explanation, commands defined in the detailed command description section are "defined" 
commands but not defined in the section are "Undefined" commands (Section 4.7.4 or Section 7.3.1.3 
depends on bus mode). "Legal" means that a defined or undefined command is accepted at the current 
state and "Illegal" means that a defined or undefined command is not accepted at the current state. 


4.3.9.2 General Command - GEN_CMD (CMD56) 

GEN CMD (CMD56) is a vendor-specific and optional command. The command operation is defined by 
this specification. The bus transaction of the GEN CMD is the same as the single block read or write 
commands (CMD24 or CMD17) and accepted only in 'tran_state’. The response type is R1. The 
difference is that the argument denotes the direction of the data transfer (rather than the address) and 
the data block is not a memory payload data but has a vendor-specific format and meaning. The card 
shall be selected (tran state") before sending CMD56. In the case of the Standard Capacity SD 
Memory Card, the data block size is the BLOCK_LEN that was defined with CMD16. In the case of the 
High Capacity SD Memory Card, the data block size is fixed to 512byte. 

The bit O of the argument indicates the direction of the data transfer; 0 means write operation and 1 
means read operation. A vendor can define a specific format to bits 31-1 of the argument and content of 
data block of this command. However, it should be considered that the card shall prevent corruption of 
the card from receiving unexpected format. 

The host should confirm CID before issuing CMD56 so that the card supports the format of CMD56. 
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4.3.10 Switch Function Command 


4.3.10.1 General 
Switch function command (CMD6) is used to switch or expand memory card functions. Currently four 
function groups are defined: 

(1) Access Mode: 
Selection of SD bus interface speed modes. 

(2) Command System: 
A specific function can be extended and controlled by a set of shared commands. 

(3) Driver Strength 
Selection of suitable output driver strength in UHS-I modes depends on host environment. 

(4) Current Limit 
Selection to limit the maximum current of the card in UHS-I modes depends on host power 
supply capability and heat release capability. 


This was introduced in the Physical Layer Specification Version 1.10. Therefore, cards that are 
compatible with earlier versions of the spec do not support it. The host should check the "SD_SPEC" 
field in the SCR register to identify what version of the spec the card complies with before using CMD6. 
It is also possible to check support of CMD6 by bit10 of CCC in CSD. It is mandatory for an SD memory 
card of Version 1.10 and higher to support CMD6. 


CMD6 is valid under the "Transfer State". Once selected, via the switch command, all functions only 
return to the default function after a power cycle, CMD6 (Mode 1 operation with Function 0 in each 
function group) or CMDO. Executing a power cycle or issuing CMDO will cause the card to reset to the 
"idle" state and all the functions to switch back to the default function. 


As a response to CMD6, the SD Memory Card will send R1 response on the CMD line and 512 bits of 
status on the DAT lines. From the SD bus transaction point of view, this is a standard single block read 
transaction and the time out value of this command is 100 ms, the same as in read command. If CRC 
error occurs on the status data, the host should issue a power cycle. 

CMD6 function switching period is within 8 clocks after the end bit of status data. When CMD6 changes 
the bus behavior (i.e. access mode), the host is allowed to use the new functions (increase/decrease 
CLK frequency beyond the current max CLK frequency), at least 8 clocks after at the end of the switch 
command transaction (see Figure 4-14). 


In response to CMDO, the switching period is within 8 clocks after the end bit of CMDO. When CMD6 


has changed the bus behavior (i.e. access mode) the host is allowed to start the initialization process, 
at least 8 clocks after at the CMDO. 
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Figure 4-14: Use of Switch Command 


CMD6 supports six function groups, and each function group supports sixteen branches (functions). 
Only one function can be chosen and active in a given function group. Function 0 in each function 
group is the default function (compatible with Spec. 1.01). 


CMD6 can be used in two modes: 
e Mode 0 (Check function) is used to query if the card supports a specific function or functions. 
e Mode 1 (set function) is used to switch the functionality of the card. 
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4.3.10.2 Mode 0 Operation - Check Function 
CMD6 mode 0 is used to query which functions the card supports, and to identify the maximum current 
consumption of the card under the selected functions. 
Refer to Table 4-30: Switch function commands (class 10) for the argument definition of CMD6. 


A query is done by setting the argument field of the command, as follows: 
e Set the Mode bit to 0 
e Select only one function in each function group. Selection of default function is done by setting 
the function to 0x0. Select a specific function by using appropriate values from Table 4-11. 
Selecting OxF will keep the current function that has been selected for the function group. 
e When the function in query is ready, the card returns the inquired function number, if busy, the 
card returns the current function number (See Table 4-14). 


In response to a query, the switch function will return the following 3 statuses (see Table 4-12): 
e The functions that are supported by each of the function groups 
e The function that the card will switch to in each of the function groups. This value is identical to 
the provided argument if the host made a valid selection or OxF if the selected function was 
invalid. 
e Maximum current consumption under the selected functions. If one of the selected functions was 
wrong, the return value will be 0. 


4.3.10.3 Mode 1 Operation - Set Function 
CMD6 mode 1 is used to switch the functionality of the card. 


Switching to a new functionality is done by: 

e Setting the Mode bit to 1 

e Selecting only one function in each function group. Selection of default function is done by set- 
ting the function to 0x0. It is recommended to specify OxF (no influence) for all selected 
functions, except for functions that need to be changed. Selecting OxF will keep the current 
function for the function group. 

e When a function cannot be switched because it is busy, the card returns the current function 
number (not returns OxF), the other functions in the other groups may still be switched. 


In response to a set function, the switch function will return the following 3 statuses: 

e The functions that are supported by each of the function groups 

e The function that is the result of the switch command. In case of invalid selection of one function 
or more, all set values are ignored and no change will be done (identical to the case where the 
host selects OxF for all functions groups). The response to an invalid selection of function will be 
OxF. 

e Maximum current consumption under the selected functions. If one of the selected functions was 
wrong, the return value will be 0. 
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Pier NN 
Function name | reserved | reserved Current Driver Command ger 
Limit Strength system mode 

0x0 Default ? Default? | Default? | Default? | Default? / 
200mA Type B SDR12 

Ox1 Reserved | Reserved | 400mA Type A For eC | High-Speed 

/ SDR25 

0x2 Reserved | Reserved Reserved 


0x5 


0x5 | Reserved 


Vendor Reserved 


specific 


Note1: Bus Speed Mode is alias of Access Mode. 
Note2: "Default" of Function 0 means that a function of just after the card initialized. 
Table 4-11: Available Functions 


Function Group 1 is defined as Bus Speed Mode switch. If the card is initialized in 3.3V signal level, 
Deafult Speed and High Speed are assigned to function 0 and 1. Then support bits of funtion 2 to 4 
(SDR50, SDR104 and DDR50) are set to 0. If the card is initialized in 1.8V signal level, SDR and DDR 
modes are assigned to function 0 and 4. 


Function Group 2 is defined for Command System extension. CMD34-37, CMD50 and CMD57 are 
reserved for SD command system. OTP and ASSD is added. Refer to Part A1 Advanced Security 
Extension (McEX), Part 1 OTP Addendum and Part A3 ASSD Core Specification for more detail. 


Function Group 3 is defined as driver strength selection for UHS-I modes. This switch is effective in 
1.8V signaling mode. Refer to Section 6.7.1 for more detail. 


Function Group 4 is defined as current limit switch for each UHS-I mode. After selecting one of UHS-I 
modes in Function Group 1, host needs to select current limit. If default current limit is selected, the 
card may consume the maximum current as defined in Table 3-5. Host should use current limit 
depending on heat release method and high current connector. 
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4.3.10.4 Switch Function Status 
The switch function status is the returned data block that contains function and current consumption 
information. The block length is predefined to 512 bits and the use of SET_BLK_LEN command is not 
necessary. Table 4-12 describes the status data structure. 


The status bits of the response contain the information of the function group. Maximum current 
consumption will be used only for the new function added through this command. In this case, 
VDD_R_CURR_MIN, VDD_W_CURR_MIN, VDD_R_CURR_MAX and VDD W CURR MAX values in 
the CSD register provides the current consumption when all card functions are set to the default state 
and can be used by spec 1.01 compatible hosts. 


| Bits | Description [Width 
511:496 [Maximum current consumption (0:Error, 1:1mA, 2:2mA... , 65,535:65,535mA) 
under the function shown with [399:376] bits. The voltage to calculate current 
consumption is defined by ACMD41 (SD memory card) or CMD5 (SD I/O card). 
Maximum current consumption indicates the total card current (memory portion) 
if the functions are switched. 
The host should check the maximum current consumption and verify that it can 
supply the necessary current before mode 1 operation. 
Maximum current consumption is average over 1second. 1 


415:400 |Function group 1, information. If a bit i is set, function i is supported 
399:396 |Imode 0 - The function which can be switched in function group 6. 
mode 1 - The function which is result of the switch command, in function group 


6. OxF shows function set error with the argument. 


391:388 |mode 0 - The function which can be switched in function group 4. 
mode 1 - The function which is result of the switch command, in function group 


4. OxF shows function set error with the argument. 

387:384 |mode 0 - The function which can be switched in function group 3. 

NE ot 1 - The function which is result of the switch command, in function group 
3. OxF shows function set error with the argument. 

383:380 mode 0 - The function which can be switched in function group 2. 

"E 1 - The function which is result of the switch command, in function group 
2. OXF shows function set error with the argument. 

379:376 |mode 0 - The function which can be switched in function group 1. 

eee ot 1 - The function which is result of the switch command, in function group 


1. OxF shows function set error with the argument. 


395:392 mode 0 - The function which can be switched in function group 5. 4 
mode 1 - The function which is result of the switch command, in function group 
D OxF shows function set error with the argument. 
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| Bits | Description Cd With | 


75:368 Data Structure Version 
OOh — bits 511:376 are defined 
01h — bits 511:272 are defined 


O2h-FFh — reserved 


3 

367:352 |Busy Status of functions in group 6. If bit [i] is set, function [i] is busy. 16 
This field can be read in mode 0 and mode 1 

3 


51:336 |Busy Status of functions in group 5. If bit [i] is set, function [i] is busy. 1 
This field can be read in mode 0 and mode 1 


Hr Status of functions in group 3. If bit [i] is set, function [i] is busy. CS 
This field can be read in mode 0 and mode 1 

NE Status of functions in group 2. If bit [i] is set, function [i] is busy. 
This field can be read in mode 0 and mode 1 


287:272 Busy Status of functions in group 1. If bit [i] is set, function [i] is busy. 16 
This field can be read in mode 0 and mode 1 


271:0 |Reserved (All '0') 272 


335:320 Busy Status of functions in group 4. If bit [i] is set, function [i] is busy. 1 
This field can be read in mode 0 and mode 1 


Table 4-12: Status Data Structure 


4.3.10.4.1 Busy Status Indication for Functions 

Each bit [367-272] shows the busy status of corresponding functions; 0 indicates ready and 1 indicates 
busy. While the status is busy, the host should not change the corresponding function. Switch command 
mode 1 can be applied only to ready functions. 

If the function failed to be switched in mode 1 operation and returns the current function number in the 
response, the function is considered busy. The mode 1 operation may affect the behavior of a function. 
The mode 0 operations should be used to check the busy status of a function because it does not affect 
its behavior, especially, for function group 2 as defined below. 


Function Group 2 


303 | 302 |301 |300 | 299 | 298 | 297 | 296 | 295 |294 | 293 | 292 291 |290 | 289 | 288 
0 VS JO 0 0 0 0 0 0 0 0 ASSD | 0 0 eC |O 


Note: 0: Ready 1: Busy 
Figure 4-15: Busy Status of "Command System' 


53 Confidential 


©Copyright 2001-2009 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Specification Version 3.00 


4.3.10.4.2 Data Structure Version 
Data Structure Version indicates effective bit fields of the Switch Function Status. The cards can set 
either 00h or 01h. When this field is set to 01, busy status indication is effective. 


Data Structure Version Fields of Status Data Structure 
511:376 are defined 


511:272 are defined 
02n-FFh 


Table 4-13: Data Structure Version 


4.3.10.4.3 Function Table of Switch Command 

Table 4-14, Table 4-15 and Table 4-16 shows possible combinations of the function switch. 

"Argument" indicates 4-bit code specified in the argument of switch command (bits 23-0). "Busy 
Status" indicates the function is busy as defined below. 

"Status Code" indicates 4-bit code in the Status Data Structure, bits 399-376. 


| Argument ` | Busy Status | Status Code Comment 


Status indicates a default function, which is 


Don't Care always supported. 


Status indicates that the function specified in 
Ready =Arg. the argument is supported and can be 
switched. 

Status indicates that the function specified in 
the argument is supported but cannot be 
switched because the function is busy. 

Status indicates that the function specified in 
the argument is not supported. 


Supported function 
Current 


Busy Selected 


Not Supported function| Don't Care Fh 


i Current 
Fh Don't Care Selected 


Table 4-14: Status Code of Mode 0 to Supported Function Group 


Status indicates current selected function 
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| Argument ` | Busy Status | Status Code Comment 


Don't Care 


0 


Default function can always be switched. 


Ready 


Supported function 


=Arg. 


Status indicates the same function number as 
Specified in the argument, which means 
successful function change. 


Busy 


Current 
Selected 


Switch function is canceled and status indicates 
current selected function. 


Not Supported 


` Don't Care 
function 


Fh 


If one of the function groups indicates an erro 
code (Fh), switch requests to all switch functions 
are canceled and the rest of the data in the 
Status Data Structure should be ignored. 


Fh Don't Care 


Current 
Selected 


Status indicates current selected function 


Table 4-15: Status Code of Mode 1 to Supported Function Group 


| Argument ` | Busy Status | Status Code Comment 
0 


Don't Care 


Status always indicates 0. 


Eh-1h Don't Care 


Status always indicates Fh. 


Fh Don't Care 


55 


Status always indicates 0. 
Table 4-16: Status Code of Mode 0 and 1 to Unsupported Function Group 
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4.3.10.5 Relationship between CMD6 data & other commands 
The card may accept the commands using only CMD line (CMD12, CMD13, etc) during a CMD6 
transaction but its response and result are undefined. 


Application Note: 
The host is advised not to issue any command during a CMD6 transaction. If the host cannot obtain 
valid data of CMD6, it advised to issue CMDO and try re-initialization. 


Relationship between CMD6 data &CMD12 
Case 1: Not complete case (The card does not output all data.) 

In the case that the host sends the end bit of CMD12 before CRC bit 15, CMD6 is stopped by CMD12, 
and the card shall terminate data transfer of CMD6. The card behavior is not guaranteed and re- 
initialization from CMDO is the only way to recover from an undefined state. The end bit of the host 
command is followed, on the data line, with one more data bit and one end bit. 


CMD12 


data data | data | CRC CRC | CRC | CRC 
0 510 511 Bit 0 Bit 13 | Bit 14 | Bit 15 


Read Data for CMD6 


Data 
packet 


Figure 4-16: CMD12 during CMD6; Case 1 
Case 2: Complete case (The card outputs all data.) 


The card shall complete the CMD6 execution and its behavior is guaranteed. The complete case 
includes the later timing of CMD12 than Figure 4-17. The end bit of the host command is followed by 


the end bit on the data line. 


CMD12 


data data | data | CRC CRC | CRC | CRC E 
0 510 511 Bit 0 Bit 13 | Bit 14 | Bit 15 


Read Data for CMD6 


Figure 4-17: CMD12 during CMD6; Case 2 


Application Note: 
The host is advised not to issue CMD12 during a CMD6 transaction. 
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4.3.10.6 Switch Function Flow Example 
Figure 4-18 (a) to (c) shows three possible cases of a switch function sequence. Depending on the 
busy status of the function, the function changes asynchronously to the sequence of CMD6. The host 


needs to cope with these three cases. 


(a) Function is READY and switched successfully 


CMD CMD6 
(mode 


RES 


CMD6 


(mode1) 


RES 


DAT 


Function State 


Function is 
READY 


(function is ready) 


Function is switched 
successfully 


E 


(b) Function is BUSY and cannot be switched 


CMD CMD6 


(mode) 


RES 


function turns busy by CMD6(mode1) 


Host should not issue CMD6(mode1) —— 


DAT 


Function is 
BUSY 


Function State 


(function is BUSY) 


(c) Function changes from READY to BUSY between CMD6(mode0) and CMD6(mode1) 


CMD CMD RES CMD6!|| RES 
(mode (model) 
DAT Function is i Function is busy a 
READY cannot be switched 
Function State (function is ready) w 


function turns busy asynchronously with host operation 
Figure 4-18: Example of Switch Function flow 


Before switching functions, the host should issue CMD6 (mode0) to obtain the busy status and current 
consumption. If the current consumption is not acceptable, the host should find another combination of 
functions that meets the host's current limitation. If the busy status is read, the host can issue CMD6 
(mode1) to switch function as described in Figure 4-18 (a) and (c). If a function busy status is busy, host 
should not issue CMD6 (mode1) as described in Figure 4-18(b). Figure 4-18 (c) shows the case that 
CMD6 (mode1) is cancelled due to the busy status change after the host receives ready status of the 


function at mode 0 operation. Figure 4-19 shows the sequence of the switching function. 
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Start switching 
Inction 


CMD6 
(mode=0,func) 


Get function state and 
current consumption 


spec 1.0-1.01 


Card version 
numbef? 


spec 1.10 or higher 


func <- don’t care 


| tune: function setting 


CMD6 
(mode=0,func) 


Get supportedfunction 


func <- funcx 


| func : Certain function setting 


CMD6 
(mode=1,func) 


func <- funcx 


func: Certain function setting 


End switching 
functions 


Figure 4-19: Switching Function Flow 


Application Note: 
It is recommended that the host should follow the illustrated sequence to switch the function. 
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4.3.10.7 Example of Checking 


Card Condition 

Support function = command system: For eC (0x1), access mode: High-Speed (0x1) 

Current function = command system: For eC (0x1), access mode: Default (0x0) 

Switch example: command system: For eC => Default, access mode: Default => High-Speed 


Case (1) - Check function with no error d y 


CMD6 argument = '0000 0000 1111 1111 1111 1111 0000 0001' 
Read Data = [511:496] = '0000 0000 0100 0000' (=64mA) 
[495:400] = '1000 0000 0000 0001' & '1000 0000 0000 0001' & '1000 0000 0000 0001' & 
'1000 0000 0000 0001' & '1000 0000 0000 0011' & '1000 0000 0000 0011' 


[399:376] = '0000 0000 0000 0000 0000 0001' 

[375:368] = Data Structure Version CForeC > No influence > 

[367:272] = Busy Status of functions in group 1-6 

[271:0] = Reserved (All '0') (Defaut > 


Case (2) - Check function with error 
CMD6 argument = '0000 0000 1111 1000 1111 0010 0000 0001' 


Read Data = [511:496] = '0000 0000 0000 0000' (means error) 
[495:400] = '1000 0000 0000 0001' & '1000 0000 0000 0001' & '1000 0000 0000 0001' & 
‘1000 0000 0000 0001' & '1000 0000 0000 0011' & '1000 0000 0000 0011' 
[399:376] = '0000 1111 0000 1111 0000 0001' 


[375:368] = Data Structure Version 
[367:272] = Busy Status of functions in group 1-6 
[271:0] = Reserved (All '0') 
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4.3.10.8 Example of Switching 


Card Condition 

Support function = command system: For eC (0x1), access mode: High-Speed (0x1) 

Current function = command system: For eC (0x1), access mode: Default (0x0) 

Switch example: command system: For eC => Default, access mode: Default => High-Speed 


Case (3) - Switch function with no error d d 


CMD6 argument = '1000 0000 1111 1111 1111 1111 0000 0001' 
Read Data = [511:496] = '0000 0000 0100 0000' (=64mA) 
[495:400] = '1000 0000 0000 0001' & '1000 0000 0000 0001' & '1000 0000 0000 0001' & 
'1000 0000 0000 0001' & '1000 0000 0000 0011' & '1000 0000 0000 0011' 
[399:376] = '0000 0000 0000 0000 0000 0001' 


[375:368] = Data Structure Version CFor eC > 


[367:272] = Busy Status of functions in group 1-6 


[271:0] = Reserved (All '0') No influence > Default > 


Case (4) - Switch function with error 
CMD6 argument = '1000 0000 1111 1000 1111 0010 0000 0001' 


Read Data = [511:496] = '0000 0000 0000 0000' (means error) 
[495:400] = '1000 0000 0000 0001' & '1000 0000 0000 0001' & '1000 0000 0000 0001' & 
‘1000 0000 0000 0001' & '1000 0000 0000 0011' & '1000 0000 0000 0011' 
[399:376] = '0000 1111 0000 1111 0001 0000' 


[375:368] = Data Structure Version 


[367:272] = Busy Status of functions in group 1-6 C Error > 
[271:0] = Reserved (All '0') 


60 Confidential 


©Copyright 2001-2009 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Specification Version 3.00 


4.3.11 High-Speed Mode (25 MB/sec interface speed) 
Although the Rev 1.01 SD memory card supports up to 12.5 MB/sec interface speed, the speed of 25 
MB/sec is necessary to support increasing performance needs of the host and because memory size 
continues to grow. 
To achieve the 25 MB/sec interface speed, the clock rate is increased to 50 MHz and CLK/CMD/DAT 
signal timing and circuit conditions are reconsidered and changed from the Physical Layer Specification 
Version 1.01. 
After power up, the SD memory card is in the default speed mode, and by using Switch Function 
command (CMD6), the Version 1.10 and higher SD memory card can be placed in High-Speed mode. 
The High-Speed function is a function in the access mode group (see Table 4-11). Supporting High- 
Speed mode is optional. 


Because it is not possible to control two cards or more in the case that each of them has a different 
timing mode (Default and High-Speed mode) and in order to satisfy severe timing, the host shall drive 
only one card. CLK/CMD/DAT signal shall be connected in 1-to-1 between the host and the card. 


4.3.12 Command System 
SD commands CMD34-37, CMD50, and CMD57 are reserved for SD command system expansion via 
the switch command. Switching between the various functions of the command system function group, 
will change the interpretation and associated bus transaction (i.e. command without data transfer, single 
block read, multiple block write, etc.) of these commands. Supporting Command system is optional 

e When the "standard command set" (default function 0x0) is selected, these commands will not 
be recognized by the card and will be considered as illegal commands (as defined in the 
Physical Layer Specification Version 1.01) 

e When the "vendor specific" (function OxE) is selected, the behaviors of these commands are 
vendor specific. They are not defined by this standard and may change for different card 
vendors. 

e When the "mobile e-commerce" (function 0x1) is selected, the behavior of these commands is 
governed by the SD Specifications Part A1: Mobile Commerce Extension Specification. 

When either of these extensions is used, special care should be given to proper selection of the 
command set function, otherwise, the host command may be interpreted incorrectly. 

All other commands of the SD memory card (not reserved for the switch commands) are always 
available and will be executed as defined in this document regardless of the currently selected com- 
mands set. 
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4.3.13 Send Interface Condition Command (CMD8) 
CMD8 (Send Interface Condition Command) is defined to initialize SD Memory Cards compliant to the 
Physical Layer Specification Version 2.00. CMD8 is valid when the card is in Idle state. This command 
has two functions. 


e Voltage check: 
Checks whether the card can operate on the host supply voltage. 

e Enabling expansion of existing command and response: 
Reviving CMD8 enables to expand new functionality to some existing commands by redefining 
previously reserved bits. ACMD41 is expanded to support initialization of High Capacity SD 
Memory Cards. 


Table 4-17 shows the format of CMD8. 


[15:8] | [7:4] 
Width (bits) | 1| 1 | 6 | 20 | 4 | 8 7 
Value 191 21 001000 | '00000n | x | x x 


Voltage 
Start Transmission Command | Reserved Check f 
Description index bits JAS pattern CRC7 |End bit 


Voltage Supplied Value Definition 
0000b Not Defined 
0001b 2.7-3.6V 
0010b Reserved for Low Voltage Range 
0100b Reserved 
1000b Reserved 
Others Not Defined 


Table 4-17: Format of CMD8 


When the card is in Idle state, the host shall issue CMD8 before ACMD41. In the argument, 'voltage 
supplied' is set to the host supply voltage and 'check pattern' is set to any 8-bit pattern. 
The card checks whether it can operate on the host's supply voltage. The card that accepted the 
supplied voltage returns R7 response. In the response, the card echoes back both the voltage range 
and check pattern set in the argument. If the card does not support the host supply voltage, it shall not 
return response and stays in Idle state. Table 4-18 shows the card operation for CMD8. 


Application Note: 
It is recommended to use '10101010b' for the 'check pattern'. 
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Command Argument Check Response of Card * 


Index |Reserved| VHS Pattern CRC |Index| Ver "Reserved VCA Pattern 


No Response (CRC Error Indication in the following 
command) 
Not 8 | Don't Care | Don't Care | Don't Care | Correct Depends on command index 
=8 Don't Care |Mismatch?| Don't Care | Correct No Response 


Don't Care| Match? | Don't Care | Correct Echo Back] Echo Back | Calculate 
1): Response indicates the actual response the card returns. (It does not include errors during response transfer.) 
2): Match means AND of the following conditions a) and b). Mismatch is other cases. 

a) Only one bit is set to 1 in VHS. 

b) The card supports the host supply voltage. 


Table 4-18: Card Operation for CMD8 in SD Mode 


Don't Care| Don't Care | Don't Care | Don't Care Error 


4.3.14 Command Functional Difference in Card Capacity Types 
CCS in the response of ACMD41 determines card capacity types: CCS=0 is SDSC and CCS=1 is 
SDHC or SDXC. 
Memory access commands include block read commands (CMD17, CMD18), block write commands 
(CMD24, CMD25), and block erase commands (CMD32, CMD33). 
Following are the functional differences of memory access commands between SDSC and SDHC, 
SDXC: 


e Command Argument 
SDHC and SDXC use the 32-bit argument of memory access commands as block address 
format. Block length is fixed to 512 bytes regardless CMD16, 
SDSC uses the 32-bit argument of memory access commands as byte address format. Block 
length is determined by CMD16, 
Le: 
(a) Argument 0001h is byte address 0001h in the SDSC and 0001h block in SDHC and SDXC 
(b) Argument 0200h is byte address 0200h in the SDSC and 0200h block in SDHC and SDXC 

e Partial Access and Misalign Access 
SDHC and SDXC disable Partial access and Misalign access (crossing physical block 
boundary) as the block address is used. Access is only granted based on block addressing. 

e Set Block Length 
SDHC and SDXC use 512-byte fixed block length for memory access commands regardless of 
the block length set by CMD16. The setting of the block length does not affect the memory 
access commands. CMD42 is not classified as a memory access command. The data block 
size shall be specified by CMD16 and the block length can be set up to 512 bytes. Setting 
block length larger than 512 bytes sets the BLOCK_LEN_ERROR error bit regardless of the 
card capacity. 

e Write Protected Group 
SDHC and SDXC do not support write-protected groups. Issuing CMD28, CMD29 and CMD30 
generates the ILLEGAL COMMAND error. 
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4.4 Clock Control 

The SD Memory Card bus clock signal can be used by the host to change the cards to energy saving 
mode or to control the data flow (to avoid under-run or over-run conditions) on the bus. The host is 
allowed to lower the clock frequency or shut it down. For example, in the case that a host with 512 
Bytes of data buffer would like to transfer data to a card with 1 KByte write blocks. So, to preserve a 
continuous data transfer, from the card's point of view, the clock to the card shall be stopped after the 
first 512 Bytes. Then the host will fill its internal buffer with another 512 Bytes. After the second half of 
the write block is ready in the host, it will continue the data transfer to the card by re-starting the clock 
supply. In such a way that the card does not recognize any interruptions in the data transfer. 

There are a few restrictions the host shall consider: 

e The bus frequency can be changed at any time (under the restrictions of maximum data transfer 
frequency and the identification frequency defined by the specification document). 

e An exemption to the above is ACMD41 (SD_APP_OP_COND). After issuing the command 
ACMD41, the following 1) or 2) procedures shall be done by the host until the card becomes 
ready. 

1) Issue continuous clock in the frequency range of 100 KHz-400 KHz. 
If the host wants to stop the clock, poll busy bit by ACMD41 command at less than 50 ms intervals. 


100 KHz-400KHz clocks 
CLK EE — 
Ist 2nd 3rd 
cD —m »vv  —ry — 
(ACMD141 ) 
Polling less than 50ms interval 
ck —m  — MW  — mm  —— 


2) < 50ms < 50ms 
Ist | : > 2nd 3rd 


CMD 
(ACMD41 ) 


e It is an obvious requirement that the clock shall be running for the card to output data or 
response tokens. After the last SD Memory Card bus transaction, the host is required, to provide 
8 (eight) clock cycles for the card to complete the operation before shutting down the clock. Fol- 
lowing is a list of the various bus transactions: 

*A command with no response. 8 clocks after the host command end bit. 
+A command with response. 8 clocks after the card response end bit. 

eA read data transaction. 8 clocks after the end bit of the last data block. 
eA write data transaction. 8 clocks after the CRC status token. 

e The host is allowed to shut down the clock of a "busy" card. The card will complete the program- 
ming operation regardless of the host clock. However, the host shall provide a clock edge for the 
card to turn off its busy signal. Without a clock edge, the card (unless previously disconnected 
by a deselect command -CMD7) will force the DAT line down forever. 
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4.5 Cyclic Redundancy Code (CRC) 


The CRC is intended to protect SD Memory Card commands, responses, and data transfer against 
transmission errors on the SD Memory Card bus. One CRC is generated for every command and 
checked for every response on the CMD line. For data blocks, one CRC per transferred block is 
generated. The CRC is generated and checked as described in the following. 


e CRC7 


The CRC7 check is used for all commands, for all responses except type R3, and for the CSD and CID 
registers. The CRC7 is a 7-bit value and is computed as follows: 

Generator polynomial: G(x) = x’ + x? + 1. 

M(x) = (first bit) * x" + (second bit) * x"" +...+ (last bit) * x° 

CRC[6...0] = Remainder [(M(x) * x’)/G(x)] 
The first bit is the most left bit of the corresponding bit string (of the command, response, CID or CSD). 
The degree n of the polynomial is the number of CRC protected bits decreased by one. The number of 
bits to be protected is 40 for commands and responses (n = 39), and 120 for the CSD and CID (n = 
119). 


data out 


Figure 4-20: CRC7 Generator/Checker 


e CRC7 Examples 
The CRC section of the command/response is bolded. 


CMDO (Argument=0) --> 01 000000 00000000000000000000000000000000 "1001010" 1 
CMD17 (Argument=0) --> 01 010001 00000000000000000000000000000000 "0101010" 1 
Response of CMD17 --> 00 010001 00000000000000000000100100000000 "0110011" 1 
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e CRC16 

In the case of one DAT line usage, the CRC16 is used for payload protection in block transfer mode. 
The CRC check sum is a 16-bit value and is computed as follows: 

Generator polynomial G(x) = x'® +x"? +x° +1 

M(x) = (first bit) * x" + (second bit)* x"! +...+ (last bit) * x° 

CRC[15...0] = Remainder [(M(x) * x'°)/G(x)] 
The first bit is the first data bit of the corresponding block. The degree n of the polynomial denotes the 
number of bits of the data block decreased by one (e.g. n = 4095 for a block length of 512 bytes). The 
generator polynomial G(x) is a standard CCITT polynomial. The code has a minimal distance d=4 and is 
used for a payload length of up to 2048 Bytes (n <= 16383). 
The same CRC16 method shall be used in single DAT line mode and in wide bus mode. 
In wide bus mode, the CRC16 is done on each line separately. 


data out 


bø > > h tb h te a foe bh aj 
data in ` Å 


Figure 4-21: CRC16 Generator/Checker 


e CRC16 Example 
512 bytes with OxFF data --> CRC16 = Ox7FA1 
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4.6 Error Conditions 


4.6.1 CRC and Illegal Command 

All commands are protected by CRC (cyclic redundancy check) bits. If the addressed card's CRC 
check fails, the card does not respond and the command is not executed. The card does not change its 
state, and COM_CRC_ERROR bit is set in the status register. 
Similarly, if an illegal command has been received, a card shall not change its state, shall not response 
and shall set the ILLEGAL COMMAND error bit in the status register. Only the non-erroneous state 
branches are shown in the state diagrams (see Figure 4-1 and Figure 4-13). 
Table 4-31 contains a complete state transition description. 
There are different kinds of illegal commands: 

e Commands that belong to classes not supported by the card (e.g. write commands in read only 

cards). 
e Commands not allowed in the current state (e.g. CMD2 in Transfer State). 
e Commands that are not defined (e.g. CMD5). 


4.6.2 Read, Write and Erase Timeout Conditions 
A card shall complete the command within the time period defined as follows or give up and return an 
error message. If the host does not get any response with the given timeout it should assume that the 
card is not going to respond and try to recover (e.g. reset the card, power cycle, reject, etc.). 


4.6.2.1 Read 

For a Standard Capacity SD Memory Card, the times after which a timeout condition for read operations 
occurs are (card independent) either 100 times longer than the typical access times for these 
operations given below or 100 ms (the lower of the two). The read access time is defined as the sum 
of the two times given by the CSD parameters TAAC and NSAC (see Chapter 5.3). In the case of a 
single read operation, these card parameters define the typical delay between the end bit of the read 
command and the start bit of the data block. In the case of a multiple-read operation, they also define 
the typical delay between the end bit of a data block and the start bit of next data block. 

A High Capacity SD Memory Card and Extended Capacity SD Memory Card indicate TAAC and NSAC 
as fixed values. The host should use 100 ms timeout (minimum) for single and multiple read operations 
rather than using TAAC and NSAC. 


4.6.2.2 Write 

For a Standard Capacity SD Memory Card, the times after which a timeout condition for write 
operations occurs are (card independent) either 100 times longer than the typical program times for 
these operations given below or 250 ms (the lower of the two). The R2W FACTOR field in the CSD is 
used to calculate the typical block program time obtained by multiplying the read access time by this 
factor. It applies to all write commands (e.g. SET(CLR)_WRITE_PROTECT, PROGRAM_CSD and the 
block write commands). High Capacity SD Memory Card and Extended Capacity SD Memory Card 
indicate R2W_FACTOR as a fixed value. 

In case of High Capacity SD Memory Card, maximum length of busy is defined as 250ms for all write 
operation. 

While the card should try to maintain that busy indication of write operation does not exceed 250ms in 
the case of SDXC card, if the card is not possible to maintain operations with 250ms busy, the card can 
indicate write busy up to 500ms including single and multiple block write in the following scenarios: 


a) The last busy in any write operation up to 500ms including single and multiple block write. 

b)When multiple block write is stopped by CMD12, the busy from the response of CMD12 is up to 
500ms. 

c) When multiple block write is stopped by CMD23, the busy after the last data block is up to 500ms. 
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d) Busy indication at block gap in multiple block write is up to 250ms except a following case. When 
the card executes consecutive two blocks write (2*512Bytes) and it spans across the physical 
block boundary, the busy after the each block can be indicated up to 500ms. 


Especially regardless of the above definition, a speed class writing mode specified by CMD20 shall 
keep write busy up to 250ms in any case until the end of speed class write is indicated. 


There are two types of busies in a multiple block write operation. 
(1) Write busy at block gap (without CMD12) is maximum 250ms 
(2) Write busy after CMD12 is maximum 250ms (500ms for SDXC) 


If CMD12 is issued during a multiple block write operation's busy period, the host timeout counter is 
reset and the 250ms (500ms for SDXC) timeout period is measured from the response of CMD12. 


Application Notes: 

The host should use a fixed timeout for write operations rather than using a timeout calculated from 
the R2W_FACTOR parameter. 

It is strongly recommended for hosts to implement more than 500ms timeout value even if the card 
indicates the 250ms maximum busy length. 

Even if the card supports Speed Class, any multiple block write operation may indicate a busy 
period of up to a maximum of 250ms. The sum of the busy periods over an AU is limited by Speed 
Class. 


4.6.2.3 Erase 

If the card supports parameters for erase timeout calculation in the SD Status, the host should use them 
to determine erase timeout (see Chapter 4.10.2). If the card does not support these parameters, erase 
timeout can be estimated by block write delay. 

The duration of an erase command can be estimated by the number of write blocks (WRITE_BL) to be 
erased multiplied by 250 ms. 
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4.7 Commands 


4.7.1 Command Types 
There are four kinds of commands defined to control the SD Memory Card: 

e Broadcast commands (bc), no response - The broadcast feature is only if all the CMD lines are 
connected together in the host. If they are separated, then each card will accept it separately in 
its turn. 

e Broadcast commands with response (bcr) 
response from all cards simultaneously - Since there is no Open Drain mode in SD Memory 
Card, this type of command shall be used only if all the CMD lines are separated - the command 
will be accepted and responded by every card separately. 

e Addressed (point-to-point) commands (ac) 
no data transfer on DAT 

e Addressed (point-to-point) data transfer commands (adtc) 
data transfer on DAT 

All commands and responses are sent over the CMD line of the SD Memory Card. The command 
transmission always starts with the left bit of the bit string corresponding to the command codeword. 


4.7.2 Command Format 
All commands have a fixed code length of 48 bits, needing a transmission time of 1.92 us @ 25 MHz 
and 0.96 us @ 50 MHz. 


dek 


Table 4-19: Command Format 


A command always starts with a start bit (always 0), followed by the bit indicating the direction of 
transmission (host = 1). The next 6 bits indicate the index of the command, this value being interpreted 
as a binary coded number (between 0 and 63). Some commands need an argument (e.g. an address), 
which is coded by 32 bits. A value denoted by 'x' in the table above indicates this variable is dependent 
on the command. All commands are protected by a CRC (see Chapter 4.5 for the definition of CRC7). 
Every command codeword is terminated by the end bit (always 1). All commands and their arguments 
are listed in Table 4-21-Table 4-30. 


4.7.3 Command Classes 
The command set of the SD Memory Card system is divided into several classes (See Table 4-20). 
Each class supports a set of card functionalities. 
Table 4-20 determines the setting of CCC from the card supported commands. A CCC bit, which 
corresponds to a supported command number, is set to 1. A class in CCC includes mandatory 
commands is always set to 1. Cards with specific functions may need to support some optional 
commands. For example, Combo Card shall support CMD5. 


Class 0, 2, 4, 5 and 8 are mandatory and shall be supported by all SD Memory Cards. Class 7 except 
CMD40 is mandatory for SDHC and SDXC. The other classes are optional. The supported Card 
Command Classes (CCC) are coded as a parameter in the card specific data (CSD) register of each 
card, providing the host with information on how to access the card. 
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reser | block | reser | block 
ved |read |ved |write 


Card Command Class 
(CCC) 


Oo 
= 
— 


ro} 


reser 
ved 


Supported class 
commands | description 


CMDO Mandatory 
CMD2 Mandatory 
CMD3 Mandatory 
CMD4 Mandator 
CMD5 Optional 
CMD6*” Mandator 
CMD7 Mandatory 
CMD8* Mandator 
CMD9 Mandatory 
CMD10 Mandator 
CMD11° [Optional 
CMD12 Mandatory 
CMD13 Mandatory 
CMD15 Mandator 
CMD16 Mandatory 
CMD17 Mandatory 
CMD18 Mandatory 
CMD19° [Optional 
CMD20° [Optional 
CMD23’ | Optional 
CMD24' —_| Mandatory 
CMD25' | Mandatory 
CMD27' Mandatory 
CMD28 Optional 
CMD29 Optional 
CMD30 Optional 
CMD32" Mandatory 
CMD33' Mandatory 
CMD34-37? Optional 
CMD38' Mandatory 
CMD40 Optional 
CMD42* (Note 4) 
CMD50? Optional 
CMD52 Optional 
CMD53 Optional 


Mandatory 


< 


< 


< 


< 


< 


D ie 3 
o= 
oa xX 

D 


O 
z 
U 
a 
a 
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Card Command Class 7 
(CCC) 


Supported class reser | block | reser - . {VO reser 
commands | description ved |read |ved - _ |mode ved 


jompsé__|Mandatoy | | | {| | {| | | Tet f T 
ee eee... eee 
mempe [Mandatory | | | S| 1 PP Per PT 
ACMD13 [Mandatory | | | I 1 0 ù JP pe T f | 
|AcMD22" [Mandatory | | f f P P ù f ẹda T [f | 
AcmD23' [Mandatory | | | I P T PP lef T [f | 
ACMD41 [Mandatory | | | I I Jf f fef T f 
AcmD42 [Mandatory | | f I 1 JP PJ let T f 
AcmD51 [Mandatory | | | TT 0 0 Ù l+ Ù Ù | 


Note (1): The commands related write and erase are mandatory only for the Writable types of Cards. 
Note (2): This command was defined in version 1.10 

Note (3): This command is newly defined in version 2.00 

Note (4): This command is optional in Version 1.01 and 1.10 and mandatory from Version 2.00 

Note (5): Mandatory for UHS-I supported Card 

Note (6): SDSC is not supported. Optional for SDHC and Mandatory for SDXC. 

Note (7): SDSC is not supported. Mandatory for UHS104 card. 


Table 4-20: Card Command Classes (CCCs) in SD Mode 


— == = = — 
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4.7.4 Detailed Command Description 
The following tables describe in detail all SD Memory Card bus commands. The responses R1-R3, R6 
are defined in Chapter 4.9. The registers CID, CSD and DSR are described in Chapter 5. The card shall 
ignore stuff bits and reserved bits in an argument. 


CMD SE SS 


EEE [31:0] stuff bits |- — |GO IDLE STATE [Resets all cards to idle state 


ICMD1 | DENE 


CMD2 [31:0] stuff bits |R2 ALL SEND CID Asks any card to send the CID num- 
bers on the CMD line (any card that is 
connected to the host will respond) 

CMD3 [31:0] stuff bits SEND RELATIVE ` Ask the card to publish a new relative 

ADDR address (RCA) 
CMD4 [31:16] DSR SET DSR Programs the DSR of all cards 
[15:0] stuff bits 


ICMD5 | reserved for I/O cards (refer to the "SDIO Card Specification") 


CMD7 [31:16] RCA I 
[15:0] stuff bits stand-by and transfer states or 

between the programming and dis- 

connect states. In both cases, the card 

is selected by its own relative address 

and gets deselected by any other 

address; address 0 deselects all. In the 

case that the RCA equals 0, then the 

host may do one of the following: 

- Use other RCA number to perform 
card de-selection. 

- Re-send CMD3 to change its RCA 
number to other than 0 and then use 
CMD7 with RCA=0 for card de- 
selection. 


CMD8 "ber [31:12]reserved |R7 SEND_IF_COND Sends SD Memory Card interface 
bits condition, which includes host supply 
[11:8]supply voltage information and asks the card 
voltage(VHS) whether card supports voltage. 
[7:0]check Reserved bits shall be set to '0". 
pattern 


CMD9 Jac [31:16] RCA R2 SEND CSD Addressed card sends its card-specific 
[15:0] stuff bits data (CSD) on the CMD line. 

CMD10 |ac [31:16] RCA SEND CID Addressed card sends its card identi- 
[15:0] stuff bits fication (CID) on CMD the line. 

CMD11 [31:0] reserved |R1 VOLTAGE SWITCH | Switch to 1.8V bus signaling level. 
bits (all 0) 

CMD12 [31:0] stuff bits STOP __ Forces the card to stop transmission 

TRANSMISSION 

CMD13 [31:16] RCA R1 SEND_STATUS Addressed card sends its status 

[15:0] stuff bits register. 


CMD14 |reserved 
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CMD Ser meee 


CMD15 |ac [31:16] RCA GO INACTIVE ` Sends an addressed card into the 
[15:0] reserved STATE Inactive State. This command is used 
bits when the host explicitly wants to 

deactivate a card. Reserved bits shall 
be set to '0'. 


Table 4-21: Basic Commands (class 0) 


CMD CS Se 


CMD16 jac [31:0] block SET BLOCKLEN In the case of a Standard Capacity SD 
length Memory Card, this command sets the 

block length (in bytes) for all following 
block commands (read, write, lock). 
Default block length is fixed to 512 
Bytes. Set length is valid for memory 
access commands only if partial block 
read operation are allowed in CSD. 
In the case of a High Capacity SD 
Memory Card, block length set by 
CMD16 command does not affect the 
memory read and write commands. 
Always 512 Bytes fixed block length is 
used. This command is effective for 
LOCK UNLOCK command. 
In both cases, if block length is set 
larger than 512Bytes, the card sets the 
BLOCK LEN ERROR bit. 
In DDR50 mode, data is sampled on 
both edges of the clock. Therefore, 
block length shall always be even. 


CMD17 |adtc |[31:0] data READ SINGLE ` In the case of a Standard Capacity SD 
address? BLOCK Memory Card, this command, this 
command reads a block of the size 
selected by the SET BLOCKLEN 
command. ' 
In the case of a High Capacity Card, 
block length is fixed 512 Bytes 
regardless of the SET BLOCKLEN 
command. 
CMD18 |adtc |[31:0] data READ MULTIPLE _ Continuously transfers data blocks 
address? BLOCK from card to host until interrupted by a 
STOP TRANSMISSION command. 
Block length is specified the same as 
READ SINGLE BLOCK command. 


CMD19 —|adtc |[31:0] reserved Ri SEND TUNING ` 64 bytes tuning pattern is sent for 
bits (all 0) PATTERN SDR50 and SDR104. 


CMD20 [31:28]Speed SPEED CLASS CON | Speed Class control command. 
Class Control Refer to Section 4.13.2.8 
[27 :0]Reserved 
(all-0) 
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CMD FEAR Er 


CMD21 reserved 


CMD22 


CMD23 [31:0] Block SET BLOCK COUNT |Specify block count for CMD18 and 
Count CMD25. 


) The data transferred shall not cross a physical block boundary unless READ BLK MISALIGN is set in the CSD. 
Å Data address is in byte units in a Standard Capacity SD Memory Card and in block (512 Byte) units in a High Capacity 
SD Memory Card. 


Table 4-22: Block-Oriented Read Commands (class 2) 


CMD = = 
CMD16 Si [31:0] block E SET BLOCKLEN See description in Table 4-22 
length 


CMD20 [31:28 ]Speed SPEED CLASS CON | Speed Class control command. 
Class Control Refer to Section 4.13.2.8 
[27 :0]Reserved 
(all-0) 


CMD23 [31:0] Block R1 SET BLOCK COUNT | Specify block count for CMD18 and 
Count CMD25. 


CMD24 —|adtc |[31:0] data WRITE BLOCK In the case of a Standard Capacity SD 
address? Memory Card, this command writes a 

block of the size selected by the 
SET_BLOCKLEN command. 
In the case of a High Capacity Card, 
block length is fixed 512 Bytes 
regardless of the SET_BLOCKLEN 
command. 


CMD25 —|adtc |[31:0] data WRITE MULTIPLE B |Continuously writes blocks of data until 
address? LOCK a STOP TRANSMISSION follows. 
Block length is specified the same as 
WRITE BLOCK command. 


[CMD26 | Reserved For Manufacturer 


CMD27 —|adtc |[31:0] stuff bits PROGRAM CSD Programming of the programmable bits 
of the CSD. 


) The data transferred shall not cross a physical block boundary unless WRITE BLK MISALIGN is set in the CSD. In 
the case that write partial blocks is not supported, then the block length=default block length (given in CSD). 

2) Data address is in byte units in a Standard Capacity SD Memory Card and in block (512 Byte) units in a High Capacity 
SD Memory Card. 


Table 4-23: Block-Oriented Write Commands (class 4) 
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command description 


CMD t 

INDEX | ET 

CMD28 |ac [31:0] data SET WRITE PROT |If the card has write protection fea- 

address? tures, this command sets the write 

protection bit of the addressed group. 
The properties of write protection are 
coded in the card specific data 
(WP GRP SIZE). 
A High Capacity SD Memory Card 
does not support this command. 

c 


CMD29 |a [31:0] data R1b CLR_WRITE_PROT (H the card provides write protection 
address? features, this command clears the 
write protection bit of the addressed 
group. 
CMD30 |adtc |[31:0] write R1 

protect data 

address’ 


A High Capacity SD Memory Card 
CMD31 |reserved 


does not support this command. 
SEND_WRITE_ If the card provides write protection 
1) 32 write protection bits (representing 32 write protect groups starting at the specified address) followed by 16 CRC bits 
are transferred in a payload format via the data line. The last (least significant) bit of the protection bits corresponds to 


PROT features, this command asks the card 
to send the status of the write 

the first addressed group. If the addresses of the last groups are outside the valid range, then the corresponding write 

protection bits shall be set to 0. 


protection bits." 
A High Capacity SD Memory Card 
2) Data address is in byte units in a Standard Capacity SD Memory Card. 
Table 4-24: Block Oriented Write Protection Commands (class 6) 


does not support this command. 
CMD d SE 
EE 
CMD32 jac [31:0] data R1 ERASE WR BLK ` Sets the address of the first write 
address’ START block to be erased. 
CMD33 |ac [31:0] data R1 ERASE WR BLK END | Sets the address of the last write 
address block of the continuous range to be 
c 


erased. 


CMD38 [31:0] stuff bits ERASE Erases all previously selected write 
blocks. 


CMD39 |reserved 
CMD41 |reserved 


1) Data address is in byte units in a Standard Capacity SD Memory Card and in block (512 Byte) units in a High Capacity 
SD Memory Card. 


2) CMD40 is moved to Table 4-26 (Class 7). 
Table 4-25: Erase Commands (class 5) 
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CMD = Se 
CMD16 [31:0] block SET BLOCKLEN ` | See description in Table 4-22 
length 


CMD40 Reserved for Security Specification 


CMD42 adtc | [31:0] R1 LOCK_UNLOCK Used to set/reset the password or 
Reserved bits lock/unlock the card. The size of the data 
(Set all 0) block is set by the SET_BLOCK_LEN 
command. 
Reserved bits in the argument and in Lock 
Card Data Structure shall be set to 0. 


E 
E reserved 


Table 4-26: Lock Card (class 7) 


CMD såre re 


CMD55 ac [31:16] RCA R1 APP CMD Indicates to the card that the next 
[15:0] stuff bits command is an application specific 
command rather than a standard 
command 


CMD56 adtc |[31:1] stuff bits. |R1 GEN CMD Used either to transfer a data block to 

[0]: RD/WR the card or to get a data block from the 
card for general purpose/application 
specific commands. In the case of a 
Standard Capacity SD Memory Cards, 
the size of the data block shall be set by 
the SET BLOCK LEN command. In the 
case of a High Capacity SD Memory 
Cards, the size of the data block is fixed 
to 512 byte. The host sets RD/WR=1 for 
reading data from the card and sets to 0 
for writing data to the card. 


EE 59 | reserved 
| CMD60-63 | 63 | reserved for manufacturer 


Table 4-27: Application-Specific Commands (class 8) 


All the application-specific commands (given in Table 4-27) are supported if Class 8 is allowed (man- 
datory in SD Memory Card). 


CMD 


CMD52-54 Commande for SDIO (refer to the "SDIO Card Specification") 
Table 4-28: UO Mode Commands (class 9) 


All future reserved commands shall have a codeword length of 48 bits, as well as their responses (if 
there are any). 
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The following table describes all the application-specific commands supported/reserved by the SD 
Memory Card. All the following ACMDs shall be preceded with APP. CMD command (CMD55). 


ACMD nee SE 


ACMD1-5 Reserved 


ACMD6 ac [31:2] stuff bits R1 SET_BUS_WIDTH Defines the data bus width ('00'=1bit or 
[1:0]bus width '10'=4 bits bus) to be used for data 
transfer. The allowed data bus widths 
are given in SCR register. 


ACMD7-12 | Reserved 


ACMD13 adtc |[31:0] stuff bits R1 SD_STATUS Send the SD Status. The status fields 
are given in Table 4-40. 

ACMD14-16 | Reserved for Security Specification 

ACMD17 Reserved 


ACMD18 | ACMD18 [Reserved for SD security applications? 
ACMD19-21 |Reserved 


ACMD22 adtc |[31:0] stuff bits R1 SEND NUM WR ` Send the number of the written (with- 
BLOCKS out errors) write blocks. Responds with 
32bit+CRC data block. 
If WRITE BL PARTIAL="0", the unit of 
ACMD22 is always 512 byte. 
IF WRITE BL PARTIAL=""", the unit of 
ACMD22 is a block length which was 
used when the write command was 
executed. 
R1 


ACMD23 [31:23] stuff bits SET_WR_BLK_ Set the number of write blocks to be 
[22:0]Number of 
blocks 


ERASE_COUNT pre-erased before writing (to be used 
ACMD24 Reserved 


for faster Multiple Block WR com- 
ACMD25 | ACMD25 [Reserved for SD security applications 


2 
mand). "1"=default (one wr block) . 
ACMD26 Reserved for SD security applications' 


Reserved for Security Specification 
ACMD29 Reserved 
Reserved for Security Specification 
ACMD36-37 | Reserved 


7 
ACMD38 Reserved for SD security applications 


ACMD39-40 | Reserved 
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ACMD GE RES 


ACMD41 ber —|[S1]reserved bit R3 GD SEND OP CON |Sends host capacity support 
[30]|HCS(OCR[30]) D information (HCS) and asks the 
[29]reserved for eSD accessed card to send its operating 
[28]XPC Å condition register (OCR) content in the 
[27:25]reserved bits : : 
[24]518R response on the CMD line. HCS is 
[23:0] Vop Voltage effective when card receives 
Window(OCR[23:0]) SEND_IF_COND command. 

Sends request to switch to 1.8V 
signaling (S18R). 

Reserved bit shall be set to '0'. CCS 
bit is assigned to OCR[30]. 

XPC controls the maximum current in 
the default speed mode of SDXC 
card. XPC=0 means 100mA (max.) 
but speed class is not supported. 
XPC=1 means 150mA (max.) and 
speed class is supported. 


ACMD42 ac [31:1] stuff bits SET CLR CARD Connect[1]/Disconnect[0] the 50 KOhm 
[O]set cd DETECT pull-up resistor on CD/DAT3 (pin 1) of 
the card. 
ACMD43 Reserved for SD security applications? 
ACMD49 
ACMD51 [31:0] stuff bits SEND SCR Reads the SD Configuration Register 
(SCR). 


ACMD52-54 | Reserved for Security Specification 


ACMD55 Not exist Equivalent to CMD55. 
Refer to Section 4.3.9.1. 
ACMD56-59 | Reserved for Security Specification 


1) Refer to the "Part3 Security Specification" for a detailed explanation about the SD Security Features 
2) Command STOP TRAN (CMD12) shall be used to stop the transmission in Write Multiple Block whether or not the pre- 
erase (ACMD23) feature is used. 


Table 4-29: Application Specific Commands used/reserved by SD Memory Card 


Table 4-30 was added in version 1.10 


command 


Gol type abbreviation 
INDEX | DP description 


CMD6 |adtce |[31] Mode SWITCH_FUNC | Checks switch- 
0:Check function able function 
1:Switch function (mode 0) and 

[30:24] reserved (All '0') switch card func- 
[23:20] reserved for function group 6 (Oh or Fh) tion (mode 1). 
[19:16] reserved for function group 5 (Oh or Fh) See Chapter 
[15:12] function group 4 for current limit 4.3.10. 

[11:8] funciton group 3 for drive strength 

[7:4] function group 2 for command system 

[3:0] function group 1 for access mode 


CMD34 | Reserved for each command system set by switch function command (CMD6). 
CMD35 |Detailed definition is referred to each command system specification. 
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command 


abbreviation SE 
description 


Table 4-30: Switch Function Commands (class 10) 
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4.8 Card State Transition Table 


Table 4-31 defines the card state transitions dependant on the received command. State name in the 
table is the next state after the command is executed. "-" indicated that the command is treated as 
illegal command. In addition, whether a command is executable depends on command class (CCC). 


current state 


Gale [ready [ident] stoy | tran | data | rev | pra | 
Operation Compi | - | - | - | - | - [tn] - | tran 
dei 


CMDO idle | idle | idle | idle | idle | idle | idle | idle | 


em | = ident | - | - | - | - fb | 
emos | | -C stty | sty | - | - | - | - | 
EAEN KEE 


CS 
WT Ree 
Ce 
be, a 
ENER 
| =| tran | 


CMD7, card is 
addressed 

addressed 

| class2 | 
| class4 | 
| class6 | 


jomozg Jf TT fr | | - || 
jemoso Jf - [-[- fotaf - | - | | 
| class5 | 
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current state 


[ready |ident| stby | tran | data | rev | prg | dis 
ar 


ACMD 18,25,26,38, 
43,44,45,46,47,48,49 |Security Features 
ACMD41, OCR check 


is OK and card is not 
busy 


ACMD41, OCR check 
is OK and card is 
busy? 


ACMD41, query mode | idle | - | - | - | - | - | - | = | 
AcMD42 I eel | - ftan] - | - | 
jacmps1 TTT fata] - | - TI: 
| elass9 | 


CMD52-CMD54 refer to the "SDIO Card Specification" 
CMDS PE FY FESTENE KON AN 
CMD34-37,50,57 refer to each command system specification 


class 11 


CMD41, 
CMD43...CMD49, reserved 
CMD58-CMD59 


CMD60...CMD63 reserved for manufacturer 


Note (1): Class 10 commands were defined in version 1.10 

Note (2): Card returns busy in case of following. 

- Card executes internal initialization process 

- Card is a High Capacity SD Memory Card and host does not support High Capacity. 


Table 4-31: Card State Transition Table 


The state transitions of the SD Memory Card application-specific commands are given under Class 8, 
above. 
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4.9 Responses 

All responses are sent via the command line CMD. The response transmission always starts with the 
left bit of the bit string corresponding to the response codeword. The code length depends on the 
response type. 

A response always starts with a start bit (always 0), followed by the bit indicating the direction of 
transmission (card = 0). A value denoted by 'x' in the tables below indicates a variable entry. All 
responses except for the type R3 (see below) are protected by a CRC (see Chapter 4.5 for the defi- 
nition of CRC7). Every command codeword is terminated by the end bit (always 1). 


There are five types of responses for the SD Memory Card. The SDIO Card supports additional 
response types named R4 and R5. Refer to SDIO Card Spec for detailed information on the SDIO 
commands and responses. Their formats are defined as follows: 


4.9.1 R1 (normal response command): 
Code length is 48 bits. The bits 45:40 indicate the index of the command to be responded to, this value 
being interpreted as a binary coded number (between 0 and 63). The status of the card is coded in 32 
bits. Note that if a data transfer to the card is involved, then a busy signal may appear on the data line 
after the transmission of each block of data. The host shall check for busy after data block transmission. 
The card status is described in Chapter 4.10. 


Bit position | 47 | 46 | (45:40 E A EN 
Width (bits) Ge EECH 


Value | 


1' 


Table 4-32: Response R1 


4.9.2 R1b 
R1b is identical to R1 with an optional busy signal transmitted on the data line. The card may become 
busy after receiving these commands based on its state prior to the command reception. The Host shall 
check for busy at the response. Refer to Chapter 0 for a detailed description and timing diagrams. 


4.9.3 R2 (CID, CSD register) 
Code length is 136 bits. The contents of the CID register are sent as a response to the commands 
CMD2 and CMD10. The contents of the CSD register are sent as a response to CMD9. Only the bits 
[127...1] of the CID and CSD are transferred, the reserved bit [0] of these registers is replaced by the 
end bit of the response. 


Bit position 153128 274 Kaes 
S EE 


me | v| v | mm | ax | 


transmission CID or CSD register incl. 


Table 4-33: Response R2 
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4.9.4 R3 (OCR register) 
Code length is 48 bits. The contents of the OCR register are sent as a response to ACMD41. 


6 | 32 | 
| mm | x 4 


'111111' 


Table 4-34: Response R3 


4.9.5 R6 (Published RCA response) 


Code length is 48 bit. The bits 45:40 indicate the index of the command to be responded to - in that 
case, it will be '000011' (together with bit 5 in the status bits it means = CMD3). The 16 MSB bits of the 
argument field are used for the Published RCA number. 


: [39:8] f 
ee Argument field 0 


pe 1 JG NL AG 
KAKA Se FE CES 


Description | start bit | transmission | command |New [15:0] card CRC7 | end bit 
bit index —|published status bits: 
(000011') |RCA [31:16] |23,22,19,12:0 


Bit position 


of the card (see Table 4-38) 
Table 4-35: Response R6 
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4.9.6 R7 (Card interface condition) 


Code length is 48 bits. The card support voltage information is sent by the response of CMD8. Bits 19- 
16 indicate the voltage range that the card supports. The card that accepted the supplied voltage 
returns R7 response. In the response, the card echoes back both the voltage range and check pattern 


set in the argument. 


Bit position 46 
Width (bits) EN 1 


Value | ON 


[45:40] | [39:20] | [19:16] | Deg | [7:1] | 0 
6 EE ar? 
'001000' 0000 [ee 


Echo-back 
Description Start | Transmission Command Reserved| Voltage of check | CRC7 End 
bit bit index bits accepted pattern bit 


Table 4-36: Response R7 


Table 4-37 shows the format of 'voltage accepted' in R7. 


Voltage accepted Value Definition 
0000b Not Defined 
0001b 2.7-3.6V 
0010b Reserved for Low Voltage Range 
0100b Reserved 
1000b Reserved 
Others Not Defined 


Table 4-37: Voltage Accepted in R7 
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4.10 Two Status Information of SD Memory Card 
The SD Memory Card supports two status fields as follows: 
- 'Card Status": Error and state information of a executed command, indicated in the response 
- 'SD Status': Extended status field of 512 bits that supports special features of the SD Memory Card 
and future Application-Specific features. 


4.10.1 Card Status 
The response format R1 contains a 32-bit field named card status. This field is intended to transmit the 
card's status information (which may be stored in a local status register) to the host. If not specified 
otherwise, the status entries are always related to the previous issued command. 
Table 4-38 defines the different entries of the status. Unused reserved bits shall be set to 0. The type 
and clear condition fields in the table are abbreviated as follows: 


e Type: 
«E: Error bit. 
«S: Status bit. 
*R: Detected and set for the actual command response. 
eX: Detected and set during command execution. The host can get the status by issuing a command 
with R1 response. 


e Clear Condition: 
*A: According to the card current state. 
*B: Always related to the previous command. Reception of a valid command will clear it (with a delay 
of one command). 
°C: Clear by read. 
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OUT_OF_RANGE 
ADDRESS_ERROR 


29 BLOCK LEN ERROR 


28 |ERASE_SEQ ERROR [ER 
ERASE PARAM 


WP VIOLATION 
25 CARD IS LOCKED SX 


2 LOCK UNLOCK FAILE |E RX 
D 
23 COM_CRC_ERROR 


CARD_ECC_FAILED 
CC_ERROR 


reserved 


N 


Ñ 


N 


00 


'0'= no error 
'1'= error 


'0'= no error 
'1'= error 


'0'= no error 
'1'= error 


'0'= no error 
'1'= error 


'0'= no error 
'1'= error 


unlocked 


'1' = card locked 


'0' = no error 
'1' = error 


'0'= no error 
'1'= error 


'0'= no error 
'1'= error 


'0'= success 
'1'= failure 


'0'= no error 
'1'= error 


'0'= no error 
'1'= error 
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card | When set, signals that the card is 


The command's argument was out|C 
of the allowed range for this card. 


A misaligned address which did not |C 
match the block length was used in 
the command. 


The transferred block length is not |C 
allowed for this card, or the number 
of transferred bytes does not match 
the block length. 


An error in the sequence of erase 
commands occurred 


An invalid selection of write-blocks 
for erase occurred. 


C 
C 


C 
to a protected block or to the 
temporary or permanent write 
protected card. 


locked by the host 


Set when a sequence or password |C 
error has been detected in 
lock/unlock card command. 


The CRC check of the previous 
command failed. 

Command not legal for the card 
state 

Card internal ECC was applied but |C 
failed to correct the data. 

Internal card controller error C 


A general or an unknown error 
occurred during the operation. 


reserved for DEFERRED_RESPONSE (Refer to eSD Addendum) 
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16 CSD_OVERWRITE ERX _ |'0'= no error 
'1'= error 


15 WP_ERASE_SKIP ERX _ |'0'= not protected 
'1'= protected 


GE ECC_DISABLE |S X '0'= enabled 
'1'= disabled 


13 ERASE_RESET '0'= cleared 
'1'= set 


| CURRENT STATE 0 = idle 
1 = ready 
2 = ident 
3 = stby 
4 = tran 
5 = data 
6 = rcv 
7 = prg 
8 = dis 
9-14 = reserved 
15 = reserved for 
I/O mode 


READY_FOR_DATA '0'= not ready 
'1'= ready 

EE CMD '0' = Disabled 
'1' = Enabled 


4 ` reserved for SD I/O Card 


ea 
(SD Memory Card app. 
spec.) 


'0' = no error 
'1' = error 


reserved for application specific commands 


reserved for manufacturer test mode 


"Set when only partial address 
space was erased due to existing 


Can be either one of the following |C 
errors: 

- The read only section of the CSD 
does not match the card content. 

- An attempt to reverse the copy 

(set as original) or permanent WP 
(unprotected) bits was made. 

write protected blocks or the 
temporary or permanent write 


C 
protected card was erased. 


The command has been executed 
without using the internal ECC. 


An erase sequence was cleared 
before executing because an out of 
erase sequence command was 
received 


The state of the card when receiv- 
ing the command. If the command 
execution causes a state change, it 
will be visible to the host in the 
response to the next command. 
The four bits are interpreted as a 
binary coded number between 0 
and 15. 


Corresponds to buffer empty A 
signaling on the bus 


The card will expect ACMD, or an 
indication that the command has 
been interpreted as ACMD 


Error in the sequence of the 
authentication process 


Table 4-38: Card Status 
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For each command responded by R1 response, following table defines the affected bits in the status 
field. An 'x' means the error/status bit may be set in the response to the respective command. 


CMD Response Format Card Status Bit Number 
ke (Ea i dt ed ie ed ad E E 
a oe HATER." a 
WEE BEE EE, EES 
|| ES EAE Ese ESE ce SE 
E Ae a | | txt RT TØMT | PT 
z WEE EE, MV REH 
è EES ESE NE 
CHE ee EERE. >| Å 
: EEHEHE ALNE 
SE EE scab. WEE EE leed Een 
ENEE VE E Ese 
PENNE EE EES 
MBA TV. e EE EES Ee ee 
ELSE EE eee 
PIN SETE 
Eee EE E, JOBS SN 
EE Re NT 
pe JPL EE, “ar Aco REES 
EAE bee Ye fee 
ES SN NN 
ae ESE då ETA STENSEN 
[RJ I JP 
EEE. VIPPEN 
NE EEE SEs PN 
5 | I PAPEETE OSE 
KJØP RIESE ES EIRIES ESE EE AEE IEEE 
X EE Es a EE EE 
Km " ee A ees 
Acme] A EE EE EE 
CH, | | PP Ne 
CE Y | Hødd aa ESS 
AG | | ku PR NM Be 


(1) The response to CMD3 is R6 that includes only bits 23, 22, 19 and 12:9 out of the Card Status 
(2) This command was defined in version 1.10 


Table 4-39: Card Status Field/Command - Cross Reference 
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4.10.2 SD Status 

The SD Status contains status bits that are related to the SD Memory Card proprietary features and 
may be used for future application-specific usage. The size of the SD Status is one data block of 512 
bit. The content of this register is transmitted to the Host over the DAT bus along with a 16-bit CRC. The 
SD Status is sent to the host over the DAT bus as a response to ACMD13 (CMD55 followed with 
CMD13). ACMD13 can be sent to a card only in tran state" (card is selected). The SD Status structure 
is described in below. Unused reserved bits shall be set to 0. 

The same abbreviation for ‘type’ and dear condition! were used as for the Card Status above. 


Ss SEN Clear 

| SE 
511: |DAT BUS WIDTH |SR '00'= 1 (default) Shows the currently defined data |A 
510 '01'= reserved bus width that was defined by 

'10'= 4 bit width SET BUS WIDTH command 

'11'= reserved 
509 SECURED MODE |SR '0'= Not in the mode Card is in Secured Mode of A 

'1'= In Secured Mode operation (refer to the "Part 3 

Security Specification"). 

Reserved for Security Functions (Refer to Part 3 Security Specification) 
502 
501: reserved 
496 


495: |SD CARD TYPE SR '00xxh'= SD Memory In the future, the 8 LSBs will be |A 
480 Cards as defined in used to define different variations 
Physical Spec Ver1.01- of an SD Memory Card (Each bit 
3.00 ('x'=don't care). will define different SD Types). 
The following cards are |The 8 MSBs will be used to 
currently defined: define SD Cards that do not 
‘0000h'= Regular SD comply with the Physical Layer 
RD/WR Card. Specification. 
'0001h'= SD ROM Card 
'0002h'=OTP 


479: |SIZE OF PROTEC |SR Size of protected area (See below) A 
448 "TED AREA (See below) 
447: |SPEED CLASS SR Speed Class of the card See below) A 
440 (See below) 


( 
439: |PERFORMANCE ` Performance of move (See below) A 
432 |MOVE indicated by 1 [MB/s] 
431: |AU SIZE 
428 


step. (See below) 
427: |reserved 
424 


Size of AU See below 
(See below) 


= 

423: |ERASE SIZE SR Number of AUs to be (See below) A 
408 erased at a time 

407: |ERASE TIMEOUT |SR Timeout value for erasing |(See below) A 
402 areas specified by 

401: |ERASE OFFSET |SR 

400 


UNIT OF ERASE AU 


Fixed offset value added | (See below) A 
to erase time. 
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ae SE Clear 
D en ee 
A 


312 
311:0 |reserved for manu- 
facturer 


Table 4-40: SD Status 


e SIZE OF PROTECTED AREA 
Setting this field differs between Standard and High Capacity Cards. 
In the case of a Standard Capacity Card, the capacity of protected area is calculated as follows: 
Protected Area = SIZE OF PROTECTED AREA * MULT * BLOCK LEN. 
SIZE OF PROTECTED AREA is specified by the unit in MULT*BLOCK LEN. 


In the case of a High Capacity Card, the capacity of protected area is specified in this field: 
Protected Area = SIZE OF PROTECTED AREA 
SIZE OF PROTECTED AREA is specified by the unit in byte. 


e SPEED CLASS 


This 8-bit field indicates the Speed Class. Classes lower than indicated by this field are also effective. 
For example, Class 10 is indicated, host should consider Class 2 to 6 is also effective. 


SPEED CLASS Value Definition 
00h Class 0 

Oth Class 2 

02h Class 4 

03h Class 6 

04h Class 10 

05h — FFh Reserved 


Table 4-41: Speed Class Code Field 


e PERFORMANCE MOVE 


This 8-bit field indicates Pm and the value can be set by 1 [MB/sec] step. If the card does not move 
used RUs, Pm should be considered as infinity. Setting to FFh means infinity. The minimum value of 
Pm is defined by in Table 4-42. 


PERFORMANCE MOVE Value Definition 
00h Sequential Write 
01h 1 [MB/sec] 

02h 2 [MB/sec] 

FEh 254 [MB/sec] 
FFh Infinity 


Table 4-42: Performance Move Field 
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e AU SIZE 
This 4-bit field indicates AU Size and the value can be selected from 16 KB. 

AU SIZE Value Definition 
Oh Not Defined 
1h 16 KB 
2h 32 KB 
3h 64 KB 
4h 128 KB 
5h 256 KB 
6h 512 KB 
7h 1 MB 
8h 2 MB 
9h 4 MB 
Ah 8 MB 
Bh 12 MB 
Ch 16 MB 
Dh 24 MB 
Eh 32 MB 
Fh 64 MB 


Table 4-43: AU_SIZE Field 


The maximum AU size, depends on the card capacity, is defined in Table 4-44. The card can set any AU 
size specified in Table 4-43 that is less than or equal to the maximum AU size. The card should set 
smaller AU size as much as possible. 


Card Capacity up to 64MB | upto256MB | upto512MB | upto32GB | upto 2TB 
Maximum AU Size | 512 KB 64MB 


Table 4-44: Maximum AU size 


Application Notes: 
The host should determine host buffer size based on total busy time of 4MB and the card supported 
class. The host can treat multiple AUs combined as one unit. 


e ERASE SIZE 
This 16-bit field indicates Nerase. When Nerase numbers of AUs are erased, the timeout value is 
specified by ERASE TIMEOUT (Refer to ERASE TIMEOUT). The host should determine proper 
number of AUs to be erased in one operation so that the host can indicate progress of erase operation. 
If this field is set to 0, the erase timeout calculation is not supported. 


ERASE SIZE Value Definition 

0000h Erase Time-out Calculation is not supported. 
0001h 1 AU 

0002 2 AU 

0003 3 AU 

FFFFh 65535 AU 


Table 4-45: Erase Size Field 
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ERASE_TIMEOUT 
This 6-bit field indicates the Terase and the value indicates erase timeout from offset when multiple AUs 
are erased as specified by ERASE_SIZE. The range of ERASE_TIMEOUT can be defined as up to 63 
can choose any combination of ERASE SIZE and 
ERASE_TIMEOUT depending on the implementation. Once ERASE_TIMEOUT is determined, it 
determines the ERASE_SIZE. The host can determine timeout for any number of AU erase by the 
Equation (6). Refer to 4.14 for the concept of calculating erase timeout. If ERASE SIZE field is set to 
0, this field shall be set to 0. 


the card manufacturer 
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ERASE_TIMEOUT 


Value Definition 


00 Erase Time-out Calculation is not supported. 
01 1 [sec] 
02 2 [sec] 
03 3 [sec] 
63 63 [sec 


Table 4-46: Erase Timeout Field 


ERASE OFFSET 


This 2-bit field indicates the Torrser and one of four values can be selected. The erase offset adjusts the 
line by moving in parallel on the upper side. Refer to Figure 4-56 and Equation (6) in 4.14. This field is 
meaningless if ERASE SIZE and ERASE TIMEOUT fields are set to 0. 


ERASE_OFFSET Value Definition 
Oh 0 [sec] 
1h 1 [sec] 
2h 2 [sec] 
3h 3 [sec] 
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Table 4-47: Erase Offset Field 
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4.11 Memory Array Partitioning 
The basic unit of data transfer to/from the SD Memory Card is one byte. All data transfer operations that 
require a block size always define block lengths as integer multiples of bytes. Some special functions 
need other partition granularity. 
For block-oriented commands, the following definition is used: 


Block: is the unit that is related to the block oriented read and write commands. Its size is the 
number of bytes that will be transferred when one block command is sent by the host. The size of a 
block is either programmable or fixed. The information about allowed block sizes and the 
programmability is stored in the CSD. 

For devices that have erasable memory cells, special erase commands are defined. The granularity 
of the erasable units is in general not the same as for the block oriented commands: 

Sector: is the unit that is related to the erase commands. Its size is the number of blocks that will be 
erased in one portion. The size of a sector is fixed for each device. The information about the sector 
size (in blocks) is stored in the CSD. Note that if the card specifies AU size, sector size should be 
ignored. 

AU (Allocation Unit): is a physical boundary of the card and consists of one or more blocks and its 
size depends on each card. The maximum AU size is defined for memory capacity. Furthermore AU 
is the minimal unit in which the card guarantees its performance for devices which complies with 
Speed Class Specification. The information about the size and the Speed Class are stored in the 
SD Status. AU is also used to calculate the erase timeout. 

WP-Group: is the minimal unit that may have individual write protection for devices which support 
write-protected group. Its size is the number of groups that will be write-protected by one bit. The 
size of a WP-group is fixed for each device. The information about the size is stored in the CSD. 
The High Capacity SD Memory Card does not support the write protect group command. 
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WP Group 1 


Sector 1 


——=— == === == == e a — — — a — a — — — — — — — — — — — — — — — — mem 


—— æ a a a we we ee we we we we we we we we we we we we «=> we ww == «== mm vm mm mm ee emm 


— æ æ eae a == a a a — — — — — — — — — — — — — — — — ee — — vm — mm 


WP Group 2 


WP Group k 


SS 


Figure 4-22: Write Protection Hierarchy 


Each WP-group may have an additional write protection bit. The write protection bits are programmable 
via special commands (see Chapter 4.7.4). 

Both functions are optional and only useful for writable/erasable devices. The write protection may also 
be useful for multi type cards (e.g. a ROM - Flash combination). The information about the availability is 
stored in the CSD. 
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4.12 Timings 


All timing diagrams use the following schematics and abbreviations: 


Start bit actively driven to '0' 


Transmitter bit (Host = '1', Card = '0') 


One-cycle actively driven to '1' 


E End bit actively driven to '1' 


High impedance state (Weak pull-up to '1') 
Data bits 
A Don't Care data bits (from card) 


* 


Repetition 


CRC Cyclic redundancy check bits (7 bits) 


Card active 


Host active 
Table 4-48: Timing Diagram Symbols 


In general P-bits are less sensitive to noise because they are actively driven to logic '1' by the card or 
the host output driver exclusively. Z-bits by contrast, are only weakly pulled-up to logic '1', It is possible 
to replace the sequences: 
e "Ep*" with "EZ* 
e "EZ*p*" with "EZ*Z* 
A Z-bit after S-bit or D='0' is not allowed. 
All timing values are defined in Table 4-49. 


4.12.1 Command and Response 
Both host commands and card responses are clocked per the timing specified in 
Section 6.8 (and Section 6.9 for high speed card) 


* Card identification and card operation conditions timing 
The timing for CMD2 and ACMD471 is given bellow. The command is followed by a period of two Z bits 
(allowing time for direction switching on the bus) and then by P bits pushed up by the responding card. 
The card response to the host command starts after Nip clock cycles. 


<----- Host command ---->|<Njp cycles -> 


CMD z -E z 


Figure 4-23: Identification Timing (Card Identification Mode) 


e Assign a card relative address 


The SEND_RELATIVE_ADDR (CMD 3) for SD Memory Card timing is given bellow. The minimum 
delay between the host command and card response is Ncr clock cycles. 


<---- Host command ---->|<Nep cycles -> <------- Response -------- > 


z|- pose z 


Figure 4-24: SEND_RELATIVE_ADDR Timing 
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e Data transfer mode. 


After the card publishes its own RCA, it will switch to data transfer mode. The command is followed by a 
period of two Z bits (allowing time for direction switching on the bus) and then by P bits pushed up by 
the responding card. This timing diagram is relevant for all responded host commands except ACMD41 
and CMD2: 


<---- Host command ---->|Ncr cycles -> <.------ Response -------- 


am ES mm iddi come Jordelalzl> 


Figure 4-25: Command Response Timing (Data Transfer Mode) 


* Last Card Response - Next Host Command Timing 


After receiving the last card response, the host can start the next command transmission after at least 
Nrc Clock cycles. This timing is relevant for any host command. 


------- Response -------> |< Npc cycles -> <---- Host command ----> 


"E eae 


Figure 4-26: Timing of Response End to next CMD Start (Data Transfer Mode) 


e Last Host Command - Next Host Command Timing 


After the last command has been sent, the host can continue sending the next command after at least 
Ncc clock periods. 


<--- Host command ---->|<Ncc cycles -> <--- Host command ----> 


Figure 4-27: Timing of Command Sequences (All Modes) 
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4.12.2 Data Read 


* Note: DAT line represents data bus (either 1 or 4 bits). 


Single Block Read 
The host selects one card for data read operation by CMD7, and sets the valid block length for block 
oriented data transfer by CMD16. The basic bus timing for a read operation is given in Figure 4-28. The 
sequence starts with a single block read command (CMD17) that specifies the start address in the 
argument field. The response is sent on the CMD line as usual. 


z|z|z) «++ |z|z)z|z/z]z[p] mees 


Figure 4-28: Timing of Single Block Read Command 


DAT 


Data transmission from the card starts after the access time delay Nac beginning from the end bit of the 
read command. After the last data bit, the CRC check bits are suffixed to allow the host to check for 
transmission errors. 


Multiple Block Read 

In multiple block read mode, the card sends a continuous flow of data blocks following the initial host 
read command. The data flow is terminated by a stop transmission command (CMD12). Figure 4-29 
describes the timing of the data blocks and Figure 4-30 the response to a stop command. The data 
transmission stops two clock cycles after the end bit of the stop command. 


<- Host command --->| <Nor cycles->}_ <--- Response ------ 


sr] mn enc ls] cm en Sieieilsleleieigielelele 


<-- Nac cycles -- <------- Read Data -------- >| <- Nac cydes-->|< panne Read Data 


aelel lels mm ercer 


Figure 4-29: Timing of Multiple Block Read Command 


CMD 


DAT Z 


CMD 


oar opel] e 


Figure 4-30 : Timing of Stop Command (CMD12, Data Transfer Mode) 
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4.12.3 Data Write 


Single Block Write 
The host selects one card for data write operation by CMD7. 
The host sets the valid block length for block-oriented data transfer by CMD16. 
The basic bus timing for a write operation is given in Figure 4-31. The sequence starts with a single 
block write command (CMD24) that determines (in the argument field) the start address. It is responded 
by the card on the CMD line as usual. The data transfer from the host starts Nyyr clock cycles after the 
card response was received. 
The data is suffixed with CRC check bits to allow the card to check it for transmission errors. The card 
sends back the CRC check result as a CRC status token on the DATO line. In the case of a trans- 
mission error the card sends a negative CRC status ('101'). In the case of a non-erroneous transmis- 
sion, the card sends a positive CRC status ('010') and starts the data programming procedure. When a 
flash programming error occurs, the card will ignore all further data blocks. In this case, no CRC 
response will be sent to the host and, therefore, there will not be CRC start bit on the bus and the three 
CRC status bits will read ('111'). Error occurrence after CRC Status is indicated in the response of the 
next command. 


Host cmnd--> <- Ncr -->| <Card response > 
cmp —_E|z|z[P|*] P| s|T]content| crcl] z[z] P| «eres eee] ele p[p]P|p|P 
<Nwr>} < Writedata->| |<crcstatus-> 
DATO 
DATES ll porene |7/Z/Z[P*P|S [content| CR] | 2] [xf |x 


Figure 4-31: Timing of Single Block Write Command 


Note that the CRC response output is always two clocks after the end of data 

If the card does not have a free data receive buffer, the card indicates this condition by pulling down the 
data line to LOW. The card stops pulling down the DATO line as soon as at least one receive buffer for 
the defined data transfer block length becomes free. This signaling does not give any information about 
the data write status that should be polled by the host. 
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Multiple Block Write 


In multiple block write mode, the card expects continuous flow of data blocks following the initial host 
write command. 

As in the case of single block write, the data is suffixed with CRC check bits to allow the card to check it 
for transmission errors. The card sends back the CRC check result as a CRC status token on the DATO 
line. In the case of a transmission error, the card sends a negative CRC status ('101'). In the case of a 
non-erroneous transmission, the card sends a positive CRC status ('010') and starts the data 
programming procedure. When a flash programming error occurs, the card will ignore all further data 
blocks. In this case, no CRC response will be sent to the host and, therefore, there will not be CRC start 
bit on the bus and the three CRC status bits will read ('111'); 

The data flow is terminated by a stop transmission command (CMD12). Figure 4-32 describes the tim- 
ing of the data blocks with and without card busy signal. 


Figure 4-32: Timing of Multiple Block Write Command 


The stop transmission command works similar as in the read mode. Figure 4-33 to Figure 4-36 describe 
the timing of the stop command in different card states. 


DAT -bbbbbbbblbeeest aeaee rers telz 


Figure 4-33: Stop Transmission during Data Transfer from the Host 


The card will treat a data block as successfully received and ready for programming only if the CRC 
data of the block was validated and the CRC status token sent back to the host. Figure 4-34 is an 
example of an interrupted (by a host stop command) attempt to transmit the CRC status block. The 
sequence is identical to all other stop transmission examples. The end bit of the host command is 
followed, on the data line, with one more data bit and start of busy signaling. In that case, there are no Z 
clocks, for switching the bus direction, because the bus direction is already towards the host. The 
received data block in this case is considered incomplete and will not be programmed. 


<---- Host Command ---->| <- Ncr Cycles ---> |<---- Card response-----> <-Host Cmnd 


ole oe | orc [efz|z maa oaeee] z)2|P]P|s|r]| conten: 


<-Nsp 


<CRC Status>| <------------- Card is programming -------------- 


Smm OO EEEEEEER 


(1) The card CRC status response was interrupted by the host. 


Figure 4-34: Stop Transmission during CRC Status Transfer from the Card 
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All previous examples dealt with the scenario of the host stopping the data transmission during an 
active data transfer. The following two diagrams describe a scenario of receiving the stop transmission 
between data blocks. In the first example, the card is busy programming the last block while in the 
second the card is idle. However, there are still unprogrammed data blocks in the input buffers. These 
blocks are being programmed as soon as the stop transmission command is received and the card 
activates the busy signal. 


<---- Host Command ---->| < Ncr Cycles >| <---- Card response-----> <--Host Cmnd 


CMD DE Content 


Ze Å Se SS ern received after Last Data Block. a ae SC 


Erase, Set and Clear Write Protect Timing. 
The host should first tag the start (CMD32) and end (CMD33) addresses of the range to be erased. The 
erase command (CMD38), once issued, will erase all the selected write blocks. Similarly, set and clear 
write protect commands start a programming operation as well. The card will signal "busy" (by pulling 
the DAT line low) for the duration of the erase or programming operation. The bus transaction timings 
are the same as given for stop tran command in Figure 4-36. 


Reselecting a busy card 


When a busy card that is currently in the dis state is reselected it will reinstate its busy signaling on the 
data line. The timing diagram for this command/response/busy transaction is the same as given for stop 
tran command in Figure 4-36. 
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4.12.4 Timing Values 
Table 4-49 defines all timing values. 


SSES [unk | rem 

Ncr 2 64 clock cycles | Period between an end bit of command and a start bit of 
response except CMD2 and ACMD41. 

5 5 clock cycles | Period between an end bit of command and a start bit of 

response for CMD2 and ACMD41. 

Nac’ 2 clock cycles | Period between an end bit of command and a start bit of 
read data. 

Nrc clock cycles | Period between an end bit of response and a start bit of 
next command. 

Nec clock cycles | Period between an end bit of command (CMDO, CMD4, 
CMD? de-select) and a start bit of next command. 


2 clock cycles | Period between an end bit of response and a start bit of 
write data or period between an end bit of CRC status 
and a start bit of next write data. 

2 2 clock cycles | Period of stop driving DAT line from the end bit of 
CMD12 in a multiple block read operation. (Figure 4-30) 


Period between an end bit of CMD12 and a start bit of 

busy during a multiple write block operation. 

Nss takes three kinds of values depending on DAT line 
clock cycles | Conditions. If the card is driving DAT, Nss can be 1 

(Figure 4-34). If the card is receiving DAT, Nsg = 4; 2- 


clock for the host stops driving DAT, ZZ for turn around 
cycle (Figure 4-33). In the other cases, Nsg=2 (Figure 
4-36). 


) The maximum read access time for a Standard Capacity SD Memory Card shall be calculated by host as follows: 
Nac(max)= 100 ((TAAC * fpp) + (100 * NSAC)) ; 
fpp is the interface clock rate and TAAC & NSAC are given in the CSD (Chapter 5.3). 
Details of read, write, and erase timeouts are described in 4.6.2 
In the case of SDHC and SDXC, a fixed value (100 ms) shall be used for the maximum read access time. 


Table 4-49: Timing Values (Except SDR50 and SDR104) 
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4.12.5 Timing Changes in SDR50 and SDR104 Modes 


4.12.5.1 CRC Status Start Timing 
Modifications in this section are described from Section 4.12.5 in the Physical Layer Specification 
Version 3.00. 


Host cmnd--> <- Ncr -->| <Card response > 

CMD KK OK 2K OK K K K K OK KK OK K OK OK OK OK OK K KK kK OK KOK K P 
TE NES ee ene 

DATO DEE E 

DATL3 ala] eene 7 


Figure 4-37 : Timing of Single Block Write Còmmarí 


A new timing parameter, Ncrc, is defined for UHS-I. Only UHS-I card supports Ncrc. This parameter 
specifies the time, in clock cycles, from the end bit of the write data till the start bit of the CRC status. 
Ncrc shall be less than or equal to 8 clock cycles. 

P can be interpreted as either Z or H. 


4.12.5.2 Read Block Gap 

During a read operation, host needs to stop a read data output from the card by stopping SDCLK due to 
host buffer full. Considering use of sampling clock tuning method, host needs to stop SDCLK at the 
block gap rather than stopping SDCLK during data transfer. 

DAT[3:0] should be considered as asynchronous to SDCLK due to top variation. Therefore, it takes few 
clocks to stops SDCLK by detecting end bit of data block because synchronization is required. The 
minimum block gap clocks (Nac) is defined as 8 so that host can stop SDCLK before the card starts to 
output the next data block. 

Figure 4-38 shows an example timing to stop SDCLK at the block gap. It shows the case that top is 
more than 1UI. Clock position 0 is a trigger point, which outputs the end bit of data block. The card 
starts to count up internal counter by SDCLK from clock position 0. The number indicated above 
SDCLK is this counter value. The card shall wait until at least clock 9 to output the next data block. 
Then host needs to stop SDCLK before clock 9. Nac(min.)=8 provides enough timing to stop SDCLK. 


Nac min. is 8 clocks 


4 5 10 ` 
SDCLK IINR gegen SANS AINA 


ae End Bit Fv ‘Start Bit 
\i XX 


DAT[3:0] X X de 


Figure 4-38 : Clock Stop Timing at Block Gap in Read Operation 


4.12.5.3 CMD12 Timing Modification in Write Operation 

As output delay from card to host may vary more than 1 clock, the relation between CMD and Data 
needs changing. It applies to the relation between CMD12 and CRC Status in write operation. Figure 
4-39 shows border timing that precious write block is written successfully. Host needs to output end bit 
of CMD12 after host receive the end bit of CRC Status. If CMD12 is issued earlier than Figure 4-39, 
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whether the data block written or not is uncertain. 

Adjusting end bit of CMD12 to CRC status requires specific hardware. Host can take another method to 
stop multiple-block write operation like as CMD12 is issued after receiving the CRC status of the last 
data block. 


Host needs to guarantee the end bit of CMD12 
comes after the end bit of CRC status. 


CMD —————s& CMD12 


N 
DAT | Write Data + CRC += jg | crc Status | E 


Figure 4-39 : Border Timing of CMD12 in Write Operation 


4.12.5.4 CMD12 Timing Modification in Read Operation 

Figure 4-40 shows border timing in read operation. The minimum block gap length Nac is 8 clocks. The 
end bit of CMD12 at clock 1 (2 clocks before the end bit of data block) is left side border that enables 
the card to output the last read data block successfully. If CMD 12 is issued earlier than this timing, read 
data block may be destroyed (for example, end bit of data block is not indicated). 

The end bit of CMD12 at clock 8 is right side border that does not output next data block that means the 
end of CMD12 is at least 3 clocks before start bit of the next block. If CMD12 is issued after this timing, 
a part of next data may output. 

Adjusting end bit of CMD12 to read data block requires specific hardware. Host can take another 
method to stop multiple-block read operation like as CMD12 is issued after receiving the last data block. 
By this method, next data block may start to output and aborted by CMD12. The last block read 
indicates out of range error. 


CS F Start of next data may be 
: it of data is driv 
ee SE driven by Clock 10 or clock 11 


1 2 3 4 5 6 7 8 9 10 11 


SDCLK 


Left border case Kon 
s CMD12 |: = 
Right border cåse l 
s | GMDI2 | 


Last Read Data Block 


Figure 4-40 : Border Timing of CMD12 in Read Operation 
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4.12.5.5 Timing Values 


Paramar] win [mex [ une [Remark 
Ncr 2 64 clock cycles | Period between an end bit of command and a start bit of 
response except CMD2 and ACMD41. 
5 5 clock cycles | Period between an end bit of command and a start bit of 
response for CMD2 and ACMD41. 
clock cycles | Period between an end bit of command and a start bit of 
read data. 


clock cycles | Period between an end bit of response and a start bit of 
next command. 


Ncc clock cycles | Period between an end bit of command (CMDO, CMD4, 
CMD? de-select) and a start bit of next command. 


clock cycles | Period between an end bit of response and a start bit of 
write data or period between an end bit of CRC status and 
a start bit of next write data. 


1Table 4-50 : Timing Values for SDR50 and SDR104 Modes 
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4.12.6 Timing Changes in DDR50 Mode 
In DDR50 mode, data is sampled on both edges of the CLK signal. 


4.12.6.1 Definition of Odd / Even 
e Odd byte — A byte that was sampled on DATA [N] lines on the rising edge of the CLK. 
e Even byte — A byte that was sampled on DATA [N] lines on the falling edge of the CLK. 
Note: Odd and even refer to byte numbering order from 1 up to 512 within a block. 


Bytes 1, 


Jor sr , 511 are odd bytes. Bytes 2,4,6,8, ....512 are even bytes. 


4.12.6.2 Protocol Principles 
e Data lines are sampled on both CLK signal edges 
e CMD line remains sampled on CLK rising edge only 
e Start and Stop bits remain full cycle 
e CRC status and Busy signaling remains sampled on CLK rising edge only 
e Data payload size is always a multiple of 2 bytes 
e Two CRC16 are computed per data line (one for odd bits and the second for even bits) 
e Read and Write data block length size is always 512 bytes (same as SDHC) 


SE: $ y 


Titi sf eTefefeffffefe 


4-bits bus width 


DAT[3] 


2nd Byte Data 4th Byte Data n th Byte Data 
pr A 


pete SSN = EE EEN 
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(CRC | (CRC enn 


0 
(start) odd) | even) 


DAT[2] eg 


DAT[1] 


(CRC | (CRC ae 
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0 
(start) odd) | even) 


DAT[O] 


bü b4 


0 b4 0 b 
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odd) | even) 
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Figure 4-41 : Data Packet Format in DDR50 mode — Usual Data 
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FT 


4-bits bus width 
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Figure 4-42 : Data Packet Format in DDR50 mode — Wide Width Data 


4.12.6.3 CRC Status Token Conventions of DDR50 
The CRC status token shall remain identical for all data modes (using full clock cycles even when 
operating in DDR50 mode). 


In DDR50 mode, the card may shift the same CRC token on each edges of the clock and host shall only 


sample the CRC status token on the rising edge of the clock and ignore the sampled value on the 
falling edge of the clock. 


Positive CRC status token (‘010’): 


DAT[0] Gë (ent 


CH 
-à 
o 


Negative CRC status token (‘101’): 


ar PLP LE LATE TEL 


Gamm ` | | - JB 


Figure 4-43 : CRC Status Token in DDR50 Mode 


4.12.6.4 CRC16 of DDR50 
In DDR50 mode two CRC16 values shall be computed per active data-line. 
e First CRC16 shall be computed for odd numbered data bits (always for data sampled on CLK rising 
edge) and transmitted on CLK rising edge. 
e Second CRC16 shall be computed for even numbered data bits (always for data sampled on CLK 
falling edge) and transmitted on CLK falling edge. 
e The two CRC16 are transmitted interleaved 
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DAT[x] 0 Dmsp | bi i 


(start) (odd) (CRC | (CRC | (CRC | (CRC 


odd) | even) | odd) | even) 


Figure 4-44 : CRC16 in DDR50 Mode 


4.12.6.5 Data Access Timing example in DDR50 

The following figure is just an example representing the timings of a single block read command in 
DDR50 mode. However the same principles apply for all single or multiple blocks read or write 
accesses with or without stop commands. 


CMD 


DAT 


Figure 4-45 : Timing of Single Block Read Command in DDR50 Mode 


Notes: 
e Ncr and Nac Cycles remains expressed in full clock cycles and are same for 1x and 2x data mode. 
e Only data payload +CRC are effectively double data rate. Start bit and idle conditions remains full 
cycles. 
e Host command & Card command response remains unchanged in the 2x data mode. 


4.12.6.6 Clock Control 
The SD clock may only be stopped after the clock falling edge, when the clock line is in low logical 
state. 


4.12.6.7 Reset Command 
If CMDO is received, DDR50 returns to SDR12. 
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4.13 Speed Class Specification 
The Speed Class Specification classifies card performance by Speed Class number and offers a 
method to calculate performance. The specification enables the host to support AV applications to 
perform real time recording to an SD memory card. The following sections describe the Speed Class 
specification for the card. Refer to the Application Notes for an example of host implementation. 
Figure 4-46 shows an overview of the Speed Class Specification. Class 2, 4 and 6 are defined and 
achieve in Default Speed Mode while Class 10 requires High Speed Mode. 


Standard SDHC SDXC 
Capacity (AU =<4MB) (Large AU) 


Default Speed Mode Class 2, 4, 6 (O<=r<1) Class 2, 4,6 (r=0) 


High Speed Mode New Class 10 (r=0) 


p u 


r: Ratio of Used RU over an AU 
0<r<1: Fragmented Write 
r=0 : Sequential Write with no fragmentation 


Figure 4-46: Overview of Speed Class Specification 


Section 4.13.1 describes Speed Class Specification for SDSC and SDHC. 
Section 4.13.2 describes Speed Class Specification for SDXC. 


4.13.1 Speed Class Specification for SDSC and SDHC 


4.13.1.1 Allocation Unit (AU) 

The user Area is divided into units called "Allocation Unit (AU)" (Refer to Figure 4-47). Each card has 
its own fixed AU Size (Sau) and the maximum AU Size is defined depending on the card's capacity. The 
host should manage data areas with the unit of AU. If the first AUs in the card contain file system 
information then they should not be used for real time recording. An AV application should start 
recording from the first complete AU, to which only user data can be recorded. Note that this 
specification does not apply to the Protected Area. 


ET AU RU1 
AU2 RU2 
User Area ewe RU3 m =Ney = Sau/Sru 
AU4 
Recordable Area [ ] oA Ka 
RER RUm 


AUn 
Figure 4-47: Definition of Allocation Unit (AU) 


4.13.1.2 Recording Unit (RU) 
Each AU is divided into units called "Recording Unit (RU)" (Refer to Figure 4-47). The unit of RU Size 
(Sru) is 16KBye. The RU Size is a multiple of 16KByte and shall not span across an AU boundary. 
Larger RU size may improve performance. The condition and requirement of the minimum RU Size is 
defined by Section 4.13.1.8.1. The number of RUs in an AU (Ney) is calculated from Sau/Sru- 
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4.13.1.3 Write Performance 
Figure 4-48 shows the typical data management of the card when the host writes RUs of an AU. When 
the host writes to a fragmented AU, the card prepares a new AU by copying the used RUs and writing 
the new RUs.. The location A is at the start of the AU boundary and location B is at the end of the AU 
boundary. From A to B, the host shall write data to free RUs contiguously and skip used RUs (shall not 
skip any free RU). The card may indicate busy to the host, so the host can wait, during the time the card 
controller is writing and moving data. The total write time from A to B can be calculated by summing up 
the write time of free RUs and the moving time of the used RUs. The number of used RUs (Nu) is 
available by counting it over one AU and number of free RUs is expressed by (Nru — Nu). 


< AU (Allocation Unit) > 


A B 
Exieting AU o =o) E oes | cos E Wi 


RU Move Move |Move 
Write Write Write Write Write 
"a "a "A "a "a 


"A 
New AU [Datat | Dataa | used | Dataa | Dated | usea | usea [Dates]... [Data 
cÉ Se ee 


Skip Skip 


Figure 4-48 : Example of Writing Fragmented AU 


The average Performance of a Fragmented AU can be calculated by dividing the number of free RUs 
by the total execution time. It is expressed by using Performance Wite (Pw) and Performance Move 
(Pm). 


Sru (Ney — Nu) 
Sor (Na; 7 Nu) i Spy Nu 
Pw Pm 

(Ny — Nu)PmPw 
ON a — Nu)Pm+ NuPw 


Performance of Fragmented AU: P( Nu) = 


The Performance Write (Pw) is defined as a minimum average write performance over an AU. It is 
calculated by taking the average of all sequential RU write operations to one complete AU, which is not 
fragmented. 


The Performance Move (Pm) is defined as a minimum average move performance. It is calculated by 
taking the average over sequential RU move operations to one complete AU. A move is an internal 
operation of the card, so SD clock frequency does not affect the time of the move operation. In case the 
card does not have to move RU, Pm should be considered as infinity (1/Pm = 0). Refer to Table 4-52 for 
the values defined for each Speed Class. 


Note that a Speed Class that supports Class10 shall not use the Pm value stored in the SD Status to 
calculate performance in any fragmented AU. Class 10 performance is defined only for entirely free 
AUs. 


Application Notes: 
Performance may increase when larger data is written by one multiple write command. Therefore, 
the host may use larger RU sizes and transfer multiple RUs with one multiple-write command. 
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4.13.1.4 Read Performance 


Two kinds of read performances are defined. It is possible to insert either type of read operation during 
write operations. All read operations, regardless of read address shall meet this performance 
specification. 


(1) Read Performance of Stream Data 
This is simply called Read Performance (Pr). Pr is defined as minimum average random RU read 
performance. The average is measured over 256 random single RU read operations. Each RU is 
read by a multiple-read command. Pr shall be greater than or equal to Pw. 


(2) FAT and Directory Entry Read Time 
Trr(4KB) is defined as the maximum time to read a 4KB FAT and Directory Entry. The FAT and 
Directory Entry Read Time (Sfr [KB]) is defined using the CEIL function: 


FAT Read Time of Ser [KB]: Tyr (Spe) = ES TOG. We (2) 


(: CEIL function - Convert decimal fraction x to the smallest integer greater than or equal to x.) 


Refer to Table 4-52 for the values defined for each Speed Class. 


4.13.1.5 Performance Curve Definition 
Figure 4-49 shows the write performance bar chart of P(Nu) of equitation (1). An AU consists of 16 RUs 


in this example. Joining the points of each bar shows the performance curve, which can be determined 
from the two parameters, Pw and Pm. 


[MB/sec 


Eull Performance 


Performance Curve 


Ee 


Better Performance 


Va 


Ratio of Used RU 
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Figure 4-49: Card Performances between 16 RUs 


The ratio of used RU (r) is defined as: 
SC Nu 


Nu =rN eu 
Na 
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The range of r is 0 to 1. (1 — r) means ratio of free RU, r=0 means all RUs are free. r=1 means all RUs 
are used and performance indicates zero at this point. By using r, Equation (1) is transformed into 
Equation (3). 

(1-r)PwPm 


Performance Curve: P(r) = 
rPw+(1—r)Pm 


P(Nu) in Equation (1) is a discrete function but P(r) is treated as a continuous function. 


4.13.1.6 Speed Class Definition 
Figure 4-50 shows three performance curves. Pw indicates the performance of r=0 and Pm determines 
the shape of the curve. All performance curves converge at the point (1, 0). Therefore, there is little 
difference in performance where r is near to 1. These three curves divide the performance into four 
speed classes: Class 0, Class 2, Class4 and Class 6. The Class 0 card provides no guarantee to be 
compliant to the Speed Class Specification. It does not report performance parameters even if the cards 
can achieve performance of higher speed classes. Class 0 also covers all legacy SD products prior to 
the introduction of this specification. The Classes are defined so that an AV application, such as 
MPEG2 recording, can support an SD card device. The performance of a Speed Class 2 card shall be 
higher than performance curve 2. It is defined for standard TV image quality; approximately 2MB/sec 
performance will be required. The performance of a Speed Class 4 card shall be higher than 
performance curve 4. Speed Class 4 is defined for HD video quality; approximately 4MB/sec 
performance will be required. Higher classes can be added in the future, if required. It is important that 
the host shall always accept cards which meet minimum speed class performance. 
Note that performance of Class 10 does not conform to the performance curve. Class 10 is supported 
only in the case r=0. 


Speed Class shall be defined as SD Bus interface level performance, though the performance curve is 
derived from only back-end performance analysis in Section 4.13.1.3. SD clock frequency and RU size 
are defined as measurement conditions for Speed Classes. Refer to Section 4.13.1.8. 


Performance 


6MB/sec 


Performance Curve 6 


4MB/sec 


Performance Curve 4 


2MB/sec Performance Curve 2 


Three performance curves 


eg intersect at (1,0) 
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Figure 4-50: Three Performance Curves 
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Application Note: 

For the convenience of legacy card users, the host should try to use the card that has lower 
performance than expected and attempt to record if necessary. When a mode provides operation 
only for specific Speed Class cards, one of the other modes should provide operation for lower 
Speed Class cards including Class 0. 


4.13.1.7 Consideration for Inserting FAT Update during Recording 

Figure 4-51 shows the typical sequence of the FAT update cycle for real time recording. FAT updates 
can be inserted between any RU accesses. The FAT update cycle consists of 3 write operations. The 
FAT1 and FAT2 means two FAT-table writes using one multiple write command for each FAT-table. The 
FAT table write can start any 512-byte boundary address and any size up to 16 KBytes. Only modified 
parts of FAT should be written. The DIR stands for directory entry write. A directory entry should be 
created before recording starts and only the modified parts should be written in the directory entry (512 
Bytes). The FAT Write Time (Trw) is defined as the total time of 3 write operations of FAT update cycle. 
The host shall take the sequence to be able to calculate degradation of performance by inserting a FAT 
update cycle. The card requires higher Card Performance (Pc) than Application Performance (Pa) to 
insert FAT update cycle. It is noted that any order of 3 write operations is allowed for FAT update. Figure 
4-51 shows an example order. 


FAT Write Time: Tew 


+—— Tew ——* Number of RUS: Npp 
16KB 16KB 512B 


me | FAT1 | FAT2 | DIR | Sru (Sal... | Sru | FAT1 | FAT2 | DIR 


a FAT Update Period: Try 


Figure 4-51: Typical Sequence of FAT Update 


4.13.1.7.1 Measurement Condition to determine Average Try 
The equation (4) defines Average FAT Write Time (Trw(ave.)), which is the maximum sliding average 
of 8 times FAT write cycles. 


Dn Try UI 


Average FAT Write Time: T pw (ave.) = e A E OE E T (4) 


4.13.1.7.2 Maximum FAT Write Time 

During a FAT update, the host cannot write data to the card. Therefore, the host should prepare enough 
buffers to save the data temporarily. The Maximum FAT Write Time (Trw (max.)) is one of the factors 
to determine host buffer size. During 8 times FAT write cycle, occurrence of Trw (max.) should not 
appear more than once. On the method of Host Buffer Size estimation, refer to the Implementation 
Guideline of the Speed Class Specification. 


Maximum FAT Write Time: Tpw(max.) < 750MS sisinsneaicsantcesbonrsnisnnntonntuandhoueaita tition! (5) 
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4.13.1.8 Measurement Conditions and Requirements of the Speed Class 


4.13.1.8.1 Measurement Conditions 

Table 4-51 shows measurement conditions for each Speed Class. The Speed Class 10 card shall 
support high speed mode. The higher Speed Class may require higher frequency or larger RU size. 
These values provide margin for host applications running at maximum speed. 


Card Capacity SDHC 
| -64MB |-256MB| -1GB | | -32GB | 
| AU Size (max) | 


| 512KB | 1MB | 2MB | 4MB 


|Class2,4 | 16KB ___ | 32KB 
64KB 
Not Supported | 512KB_| 
Notes: Class 2 to 6 are measured at 20MHz in Default Speed Mode 
Class 10 is measured at 40MHz in High Speed Mode 
Table 4-51: Measurement Condition of Speed Class (SDSC and SDHC) 


Application Note: 
The minimum performance is measured at 100% usage rate of the SD Bus (No idle time is assumed 
in accesses). Therefore, writing to the card at intervals decreases performance. 


4.13.1.8.2 Requirements of the Performance Parameters for Each Speed Class 

Table 4-52 identifies the requirement of the parameters for each class under measurement conditions. 
All conditions of any Class should apply simultaneously. Any cards having a specific Speed Class shall 
also satisfy the requirements and conditions of lower Classes. For example, Class 6 card shall satisfy 
Class 4 performance under Class 4 condition. 


ho Pw min. Pr min. Trv (ave.) Tee (4KB) 

[MB/sec] [MB/sec] [ms] max. [ms] 
Class 2 
Class 4 


Class 6 
Class 10 


Table 4-52: Performance Requirements for Each Class (SDSC and SDHC) 
Notes: Trr(4KB) is changed from Version 2.00 
Pm is not required in Class 10. (No fragmented AU can be used) 


4.13.1.8.3 Requirements of SD File System 

This specification can be applied only to the SD file system formatted card defined by the File System 
Specification Version 3.00. This includes complying with the format parameter calculation specified in 
the Appendix C of the File System Specification Ver3.00. 

Furthermore, the Number of Hidden Sectors shall be adopted as minimum number that meets 
Boundary Unit Recommendation for Data Area. And in case of exFAT file system, Allocation Bitmap 
shall be stored in the first Boundary Unit of Cluster Heap. 
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4.13.2 Speed Class Specification for SDXC 


Speed Class is defined for SDXC. Though the basic concept is similar to Speed Class for SDSC and 
SDHC, there are several differences. Key features of SDXC Speed Class are listed below. 
(1) The table of valid AU sizes is updated with five values larger than 4MB. When an AU size 
larger than 4MB is used, performance is measured in each of the 4MB sub-unit. 
(2) RU size are larger and common for each card capacity range. 
(3) Speed Class performance is defined only in the case of sequential writes to an entirely free 
AU. No move operation is supported. 
(4) The FAT Update sequence is based on the exFAT file system for SDXC. 
(5) Sequence of updating Cl (Continuous Information, defined in Part2 File System Specification 
Version 3.00) during stream recording is defined and supported. 
(6) Speed Class Control command (CMD20) is introduced to optimize card operation for Speed 
Class recording. 


4.13.2.1 Speed Class Parameters 


4.13.2.1.1 AU 

Capacities of up to 2TB and the UHS high speed interface require larger AU sizes. 

In the case of SDXC the maximum AU size is increased to 64MB. 

To record the stream data, a Speed Class host shall manage the memory area in units of an AU and 
use only completely free AUs (zero fragmentation) to record the data. 

Note that all AU sizes larger than 4MB are integer multiples of 4MB and performance is measured over 
each 4MB sub-unit of an AU. 


4.13.2.1.2 RU 

The definition of an RU is the same as in SDSC and SDHC. A Speed Class host shall write data in units 
of an RU. 

The RU sizes are defined in Table 4-53. The same RU size is used for Class 2, 4 and 6. For Class 10, 
the RU size is larger to achieve higher performance. The same RU size is applied across the entire 
card capacity range (over 32GB~2TB) and varies only for each performance Class. 


4.13.2.2 Write Performance 


4.13.2.2.1 Measurement of Pw 
Pw is measured in the case when data is written in units of RUs, from top to the bottom of an entirely 
free AU. There are two cases of how to measure Pw. 
1. If the AU size is equal to or smaller than 4MB; 
Pw is defined as the minimum average write performance over an AU. This is the same 
definition as that for SDSC and SDHC. 
2. Ifthe AU size is larger than 4MB (Always a multiple of 4MB); 
Pw is defined as the minimum of the average write performance of every 4MB sub-unit in an 
AU. 


Figure 4-52 shows the measurement of an AU's Pw. In the figure, performance of the measured AU is 
defined as the minimum of Pw1, Pw2,...PwN. The card's Pw is defined as the minimum performance of 
all AUs in the memory area. 


Regardless of its size, an AU is the size of the memory area to which Speed Class shall write data 
sequentially from top to the bottom in units of RU. 
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AU (Multiple of 4MB) 


ents aC P| 
in the card 


Speed Class host writes sequentially in an AU in unit of RU 


Pw, i Pw, 


Performance is measured over each 4MB boundary. 
Performance of the AU = min (Pw,, Pw,, ... Pwy) 
=> Pw is defined as minimum performance of all AUs in memory area 


Figure 4-52: Measurement of Pw (AU size is larger than 4MB) 


4.13.2.2.2 Performance Move 

In contrast with Speed Class for SDSC and SDHC, Pm is not supported in SDXC. This means that 
Speed Class host shall write data to the entire free AUs so that SDXC card can provide Class 
performance. Pm shall be set to 0 in SD Status of SDXC card. 


Application Note: 
The amount of unwritten memory and the amount of Speed Class recordable memory may be 
different. SpeedClass hosts can maximize the amount of recordable memory by defragmenting 
and freeing AUs for use when Speed Class performance is required. 


4.13.2.3 Read Performance 

The read performance of an SDXC card has the same definition as that for SDSC and SDHC. Pr is 
defined as the minimum average random RU read performance over 256 RUs. Pr shall be greater than 
or equal to Pw. 

Trr(4KB) is defined as the maximum time to read 4KB data. 


4.13.2.4 FAT Update 

The SDXC FAT update cycle has almost the same definition as in SDSC and SDHC. The only 
difference is the data type and its location. In the case of SDXC, the FAT update cycle consists of three 
write operations, FAT, Bitmap and directory entry. The FAT is written from any 512-byte boundary 
address and with any size up to 16Kbytes. Bitmap is written from any 512-byte boundary address and 
with any size from 1Kbyte to 16Kbytes. 

A directory entry should be created before starting recording and the same block should be written by 
512-byte single block write (either CMD24 or CMD25). 

Average and Maximum FAT Write Time ( Trw(ave.) and Trw(max.) ) are the same as defined for SDSC 
and SDHC. Average FAT Write time is defined as the maximum sliding average of 8 times FAT write 
cycles. 

Note that Speed Class host can insert FAT update at any RU boundary. Insertion of FAT update never 
affects Pw. 


4.13.2.5 Cl (Continuous Information) Update 
Cl (Continuous Information) is a new structure used to manage exFAT file fragments. It is newly defined 
in Part2 File System Specification Version 3.00. Cl may be udpated during Speed Class recording. 
Creating Cl is optional for the host. The specific feature of Cl update is described below. 
e Cl can be inserted at any RU boundary. The frequency of Cl update depends on the host 
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implementation. 
If a host tries to protect recorded data from any error including power failure, it may update Cl 
frequently. 

e Accluster is allocated to store Cl and when it is filled, a new cluster is allocated. The first update 
of Cl in a stream recording may be written from any point in an existing cluster. After the existing 
cluster is filled, a new cluster is allocated and all subsequent updates are written from the 
beginning to the end before a new cluster is allocated. 

e The address to which Cl is written may change during a stream recording. The same address 
may be overwritten several times. When the address is changed, it is always increased 
sequentially within the cluster. When a Cl cluster is filled and a new one is allocated, the Cl 
cluster address is changed randomly. (Any free cluster can be allocated). 


The Speed Class specification for SDXC defines Cl Update sequence and operation time. The 
sequence is similar to the directory entry update. Cl is always written by 512-byte single block write 
(either CMD24 or CMD25) and its operation time is maximum 250ms. 

Note that Insertion of Cl update never affects Pw. 


Application Note: 

It is recommended that Cl be updated after Speed Class recording is finished. In this case, the Cl 
update is performed outside of Speed Class recording and the host does not need to consider it as 
overhead. 


4.13.2.6 Distinction of Data Type 
During Speed Class recording, several types of data (Stream data, FAT, Bitmap, directory entry and Cl ) 
are written by the host. 
To satisfy Class performance, an SDXC card needs to know the type of each data in order to treat them 
properly. 
For example, directory entry and Cl can be distinguished by their data size (always written by 512B), so 
the card can store them in separate areas from the stream data. 
Locations of the FAT and bitmap are specified by the format parameters defined in Part2 File System 
Specification. 
Since directory entry and Cl are written by 512-byte single block write (either CMD24 or CMD25), in 
user area, they should be distinguished by CMD20. 


4.13.2.7 Measurement Conditions and Requirements of the Speed Class for SDXC 


4.13.2.7.1 Measurement Conditions 
The measurement conditions of Speed Class for SDXC are defined in Table 4-53. Class 10 card shall 
meet Class 6 performance under Class 6 condition. 


Card Capacity SDXC 
Over 32GB ~ 2TB 
AU Size (max. 64MB 


Unit of Performance Measurement 4MB 
RU Size Class2, 4, 6 256KB 
Class 10 512KB 


Notes: Class 2 to 6 are measured at 20MHz in Default Speed Mode 
Class 10 is measured at 40MHz in High Speed Mode 
Table 4-53 : Measurement Conditions of Speed Class (SDXC) 
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4.13.2.7.2 Requirements of the Performance Parameters for Each Speed Class 


Table 4-54identifies the requirement of the parameters for each class under measurement conditions. 


| Pw min. Pm min. Pr min. Tee (4KB) 
|IJ [MB/sec] | [MB/sec] [MB/sec] max. [ms] 


Class 2 


Class 4 
Class 6 
Class 10 


Table 4-54: Performance Requirements for Each Class (SDXC) 


4.13.2.7.3 Requirements of SD File System 


This specification can be applied only to the SD file system formatted card defined by the File System 
Specification Version 3.00. This includes complying with the format parameter calculation specified in 
the Appendix C of the File System Specification Ver3.00. 
Furthermore, the Number of Hidden Sectors shall be adopted as minimum number that meets 
Boundary Unit Recommendation for Data Area. And in case of exFAT file system, Allocation Bitmap 
shall be stored in the first Boundary Unit of Cluster Heap. 


4.13.2.8 Speed Class Control Command (CMD20) 


CMD20 is defined to optimize card operation to support Speed Class recording. Figure 4-53 shows 
definition of CMD20 timing and argument. If any error occurs during the CMD20 busy period, it will be 
reported in the R1 response of next command. The host can issue CMD 13 to check the occurrence of 
an error. 

Speed Class Control (SCC) in the argument controls several functions which assist the card in 
supporting and meeting Class performance. 

The response type of CMD20 is R1b. The maximum busy indication period depends on the function 
selected by SCC in the argument. 


Error Check 
CMD CMD20 CMD13 


DAT[0] ' Busy 


tsusy (max.) 


H 
i 
i 
ha 


Speed Class Control Command (CMD20) 


S|T| Index |SCC | Reserved |CRC7 |E 
0|1| 010100 | xxxx all 0 xx |1 


Speed Class Control teusy (max.) 


0000b: Start Recording 1 second 
0001b: Create DIR 10ms 
0010b: End Recording without Move 250ms 
0011b: End Recording with Move 250ms 
others: Reserved 


Figure 4-53: Timing and Command Argument of CMD20 
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Support of CMD20 is mandatory for SDXC card and optional for SDHC card. 


SD 


XC cards can meet Class performance when data is written after receiving CMD20 indicating the 


Start Recording function. SDHC cards can meet Class performance without CMD20. 


4.1 


(1) 


(2 


— 


(3) 


(4) 


4.1 


3.2.8.1 Definition of Each Function 


Start Recording 

This function indicates that Speed Class host start stream recording. When the card receives 
CMD20 indicating this function, the card indicates busy up to 1 second to prepare recording 
(Garbage collection, clean-up of internal status, etc). 


Create DIR 

This function indicates that following write command writes directory entry. When the card receives 
CMD20 indicating this function, the card recognizes that during the stream recording, the directory 
entry is written to the address in argument of the following write command. DIR shall be written by 
512-byte single block write (either CMD24 or CMD25). Busy indication is up to 10ms for this 
function. 


End Recording without Move 

This function indicates that Speed Class host ends stream recording and does not need unwritten 
area in the last AU to be moved. When the card receives CMD20 indicating this function, the card 
can omit copying data of unwritten area in the last AU. Busy indication is up to 250ms. .It is optional 
for Speed Class host to issue this function when it stops stream recording. 


End Recording with Move 

This function indicates that Speed Class host ends stream recording and needs unwritten area in 
the last AU to be moved. Busy indication is up to 250ms. It is optional for Speed Class host to issue 
this function when it stops stream recording. 


Note that host can exit from Speed Class recording by issuing write command which is not 
compliant to Speed Class specification (For example, address is randomly jumped from previous 
write operation). If either of End Recording functions is not issued when host exits from the 
recording, card shall always move data in unwritten area in the last AU. 


3.2.8.2 Requirements for Speed Class Host 


There are requirements for host to support CMD20 


e |f host records data to SDXC card, it shall support CMD20 to indicate Start Recording. 

e If host updates CI during the recording, it shall issue CMD20 to indicate Create DIR before first 
time of updating directory entry during the recording. Create DIR can be issued either before or 
after Start Recording. 

e |tis optional for host to use CMD20 to indicate End Recording. 


4.13.2.9 Example of Speed Class Recording Sequence 


Figure 4-54 shows example sequence of Speed Class recording. In the figure, host starts Speed Class 
recording by the CMD20 indicating Start Recording function and exits by either CMD20 indicating End 
Recording function or non-Speed Class write command. During the recording period, allowable write 
operation is limited as below. 
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1. Stream data is written by one or more RU 
2. FAT Update consists of three write commands, FAT(< 16KB)+Bitmap(< 16KB)+DIR(512B) 
3. Cl Update consists of single block write (512B by either CMD24 or CMD25) 


If host updates CI during the recording, it shall issue CMD20 indicating Create DIR so that the card can 
distinguish DIR and Cl properly. 


FAT FAT 
Bitmap Bitmap | 
DIR DIR | 


Write || Write || FAT Dee Write 
RU RU ||Update| «_ RU Update] 


5128 | Busy-250ms 
(CMD24 or 25) 


Create DIR (CMD20) and write DIR (CMD24 or 25) OR 
shall be issued if host updates Cl during the recording ' 
(Can be issued before or after Start Recording) l på 


e . ` Non- 
Speed Class recording period Speed Class 


Figure 4-54: Example of Speed Class Recording 
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4.14 Erase Timeout Calculation 
This chapter provides the guideline for long erase and a method to calculate erase timeout value. 


4.14.1 Erase Unit 
The Speed Class Specification defines a new management unit of AU (Allocation Unit). Erase timeout 
calculation is defined as the basis of AU. SD memory card supports block erase but it takes more time 
to erase blocks, which are part of AU (partial erase AU). In this case, the host should add 250 ms to the 
result of timeout calculated on AU basis. When the start and end blocks are in the same partially erase 
AU, 500ms should be added. 


4.14.2 Case Analysis of Erase Time Characteristics 
Figure 4-55 shows an example of erase characteristics, number of AU erased versus erase time. Erase 
time is derived from erasing specified numbers of AUs by one erase command. Assuming that Erase is 
performed on AU basis and its erase characteristics can be approximated to a linear line. The line A 
illustrated in Figure 4-55 is an example characteristic. 
The red line indicates the erase timeout value the host should use. The timeout value can be 
determined by line A. If the erase timeout is less than 1 second the host should use 1 second as 
timeout. If the timeout is bigger than 1 second the host should use the value determined by Line A. 
Register parameters Nerase, Terase and Torrset define the shape of the line. Terase indicates timeout 
for erasing Nerase AUs from Torrset. Terase and Nerase determine the slope of the line. Torrser adjusts 
the line by moving in parallel on the upper side. The card manufacturer shall determine these 
parameters so that the line is always greater than the erase time of any AUs. Actual erase time shall be 
always less than erase timeout and the slope of the line shall be less than 3 second per AU. 


Erase Timeout [Sec] 


Number of AU Erased 


Figure 4-55: Example Erase Characteristics (Case 1 Torrset=0) 
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The line B illustrated in Figure 4-56 shows another example of erase characteristics. The red line 
indicates the erase timeout value that the host should use. Since the time-out is bigger than 1 second, 
the red line and line B are equivalent. 


Erase time of an AU shall be less than 3 second. Torrset is mainly used to adjust erase timeout of an 
AU. 


Erase Timeout [Sec] 


Number of AU Erased 


Figure 4-56: Example Erase Characteristics (Case 2 Torrset=2) 


4.14.3 Method for Erase Large Areas 
The calculated erase timeout for multiple AUs might be too large compared with the actual erase time. 
The calculation of erase timeout is not accurate because calculated timeout includes a margin. A 
margin per AU accumulates and the result of calculating the timeout for large number of AUs will 
include large margins. Such calculations would be meaningless because the range of margin might be 
in order of minutes. Therefore, a small number of AUs should be erased at one time. This enables the 
host to calculate smaller timeout with fewer errors. 


Application Note: 
When a large area is erased, the host should divide it into small areas at the AU boundary and 
continuously erase the small areas using a small area erase timeout. It may take a long time to erase a 


large area, so the host should inform the user about the erase progress, otherwise the user might abort 
the execution of the erase. 


4.14.4 Calculation of Erase Timeout Value Using the Parameter Registers 
Erase Timeout of X AU can be calculated by Equation (6). 


f T 
Erase Time-out of XAU Se E (6) 


ERASE 


Erase timeout is determined by following steps: 
(1) Calculate Equation (6). 
(2) If the result of (1) is less than 1 second, the timeout is set to 1 second. 
(3) 250 ms should be added to the result of (2) for each partial erase AU. When the start and end 
blocks are in partially erase AUs, add 500 ms to the result of (2). 
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4.14.5 Set Block Count Command 
CMD12 has been used to stop multiple-block Read / Write operation. However, CMD12 is timing 
dependent and it is difficult to control timing to issue CMD12 at exact timing. As UHS104 card has large 
delay variation between clock and data, CMD23 is useful for the host to stop multiple read / write 
operation instead of CMD12. Host is not necessary to control timing of CMD12. This command is 
applicable to always 512-byte block length read/write operation and then SDSC card does not support 
this command. Support of CMD23 is mandatory for UHS104 card. 


Support of CMD23 is defined in SCR. The response type of CMD23 is R1 and busy is not indicated. 
CMD23 is accepted in transfer state and effective to the multiple-block read/write command (CMD18 or 
CMD25) just behind CMD23. If another command follows CMD23, set block count is canceled 
(including CMD13). If command CRC error occurs, the card does not return R1 response for CMD23. In 
this case, Set block count is not valid and retry of CMD23 is required. If multiple CMD23 are issued, the 
last one is valid. 

Figure 4-57 shows the definition of CMD23. If block count in the argument is set to 0, CMD23 has no 
effect. The block count value set by CMD23 is not checked by the card and then CMD23 does not 
indicate any error in the response (A previous command error is indicated in the response of CMD23). If 
illegal block count is set, out of range error will be indicated during read/write operation (For example, 
data transfer is stopped at user area boundary). Host needs to issue CMD12 if any error is detected in 
the CMD18 and CMD25 operations. If a CMD25 is aborted and the amount of data transferred is less 
than the amount of data indicated by the preceding CMD23, then the area specified by CMD23 that is 
unwritten may contain undefined data. If the amount of data transferred is greater than the amount of 
data indicated by the preceding CMD23, then the extra data is not written. 


Block Count 
00000000h: No Effect 
00000001h: 1 block 
00000002h: 2 blocks 


FFFFFFFFh: 4294967295 blocks 


Set Block Count Command 


[S[T| Index | Block Count /|CRC7|E| No error is indicated by CMD23. 
[ofa] 010111] san | xx [1] ` 


CMD — CMD18/25 


DAT[0] 


Figure 4-57 : Set Block Count Command 


122 Confidential 


©Copyright 2001-2009 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Specification Version 3.00 


5. Card Registers 


Six registers are defined within the card interface: OCR, CID, CSD, RCA, DSR and SCR. These can be 
accessed only by corresponding commands (see Chapter 4.7). The OCR, CID, CSD and SCR registers 
carry the card/content specific information, while the RCA and DSR registers are configuration registers 
storing actual configuration parameters. 

In order to enable future extension, the card shall return 0 in the reserved bits of the registers. 
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5.1 OCR register 
The 32-bit operation conditions register stores the Vpp voltage profile of the card. Additionally, this 
register includes status information bits. One status bit is set if the card power up procedure has been 
finished. This register includes another status bit indicating the card capacity status after set power up 
status bit. The OCR register shall be implemented by the cards. 
The 32-bit operation conditions register stores the Vpp voltage profile of the card. Bit 7 of OCR is newly 
defined for Dual Voltage Card and set to 0 in default. If a Dual Voltage Card does not receive CMD8, 
OCR bit 7 in the response indicates 0, and the Dual Voltage Card which received CMD8, sets this bit to 
1. 
Additionally, this register includes 2 more status information bits. 
Bit 31 - Card power up status bit, this status bit is set if the card power up procedure has been finished. 
Bit 30 - Card capacity status bit, this status bit is set to 1 if card is High Capacity SD Memory Card. 0 
indicates that the card is Standard Capacity SD Memory Card. The Card Capacity status bit is valid 
after the card power up procedure is completed and the card power up status bit is set to 1. The Host 
shall read this status bit to identify a Standard or High Capacity SD Memory Card. 
The OCR register shall be implemented by the cards. 


[6 resened — 
pe resened 
Leem 

venues 
inden 


1) This bit is valid only when the card power up status bit is set. 
2) This bit is set to LOW if the card has not finished the power up routine. 
3) Only UHS-I card supports this bit. 


Table 5-1: OCR Register Definition 


The supported voltage range is coded as shown in Table 5-1. A voltage range is not supported if the 
corresponding bit value is set to LOW. As long as the card is busy, the corresponding bit (31) is set to 
LOW. 
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5.2 CID register 
The Card IDentification (CID) register is 128 bits wide. It contains the card identification information 
used during the card identification phase. Every individual Read/Write (RW) card shall have a unique 
identification number. The structure of the CID register is defined in the following paragraphs: 


Name pe ` Tan Toëate | 
Manufacturer [mo fe Jär 
OEMApplication 0 op fe [mero | 
Product revision [Prv Je essa — | 


reseved A S e 
rot used, aways | 


Table 5-2: The CID Fields 


e MID 
An 8-bit binary number that identifies the card manufacturer. The MID number is controlled, defined, 
and allocated to a SD Memory Card manufacturer by the SD-3C, LLC. This procedure is established to 
ensure uniqueness of the CID register. 


e OID 
A 2-character ASCII string that identifies the card OEM and/or the card contents (when used as a 
distribution media either on ROM or FLASH cards). The OID number is controlled, defined, and allo- 
cated to a SD Memory Card manufacturer by the SD-3C, LLC. This procedure is established to ensure 
uniqueness of the CID register. 


Note: SD-3C, LLC licenses companies that wish to manufacture and/or sell SD Memory Cards, including but not limited 
to flash memory, ROM, OTP, RAM, and SDIO Combo Cards. 

SD-3C, LLC is a limited liability company established by Panasonic Corporation, SanDisk Corporation and Toshiba 
Corporation. 


s PNM 
The product name is a string, 5-character ASCII string. 


e PRV 
The product revision is composed of two Binary Coded Decimal (BCD) digits, four bits each, repre- 
senting an "n.m" revision number. The "n" is the most significant nibble and "m" is the least significant 
nibble. 
As an example, the PRV binary value field for product revision "6.2" will be: 0110 0010b 


e PSN 
The Serial Number is 32 bits of binary number. 
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e MDT 
The manufacturing date is composed of two hexadecimal digits, one is 8 bits representing the year(y) 
and the other is 4 bits representing the month (m). 
The "m" field [11:8] is the month code. 1 = January. 
The "y" field [19:12] is the year code. 0 = 2000. 
As an example, the binary value of the Date field for production date "April 2001" will be: 
00000001 0100. 


e CRC 


CRC7 checksum (7 bits). This is the checksum of the CID contents computed as described in Chapter 
4.5. 
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5.3 CSD Register 
The Card-Specific Data register provides information regarding access to the card contents. The CSD 
defines the data format, error correction type, maximum data access time, whether the DSR register 
can be used, etc. The programmable part of the register (entries marked by W or E, see below) can be 
changed by CMD27. The types of the entries in the table below are coded as follows: R = readable, 
W(1) = writable once, W = multiple writable. 


5.3.1 CSD_ STRUCTURE 
Field structures of the CSD register are different depend on the Physical Layer Specification Version 


and Card Capacity. 
The CSD_STRUCTURE field in the CSD register indicates its structure version. 
Table 5-3 shows the version number of the related CSD structure. 


CSD_STRUCTURE CSD structure version Card Capacity 


CSD Version 1.0 Standard Capacity 


CSD Version 2.0 High Capacity and Extended Capacity 
på eme — 


Table 5-3: CSD Register Structure 
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5.3.2 CSD Register (CSD Version 1.0) 


Width | Value oon CSD-slice 
ype 


(CSD structure [CSD_STRUCTURE |2 [om IR P 
GE 
data read access-time-1 Tag e þn JR [mona 


BET D TT 
cycles (NSAC*100) 

max. data transfer rate |TRAN_SPEED 8 —[snorsan [R moss] 
card command classes [CCC Di OmmomoiomfR 95:84] | 
max. read data block length — [READ. BL LEN å pm RB Jan — 
partial blocks for read allowed [READ BL PARTIAL [j Me (R [rom — 
write block misalignment [WRITE BLK MISALIGN [1 De BR JS — 
read block misalignment [READ BLK MISALISN DR [mm | 
[DSR implemented (Dep WE ao e ë R ew 
reserved GC 
device size Cas a2 on (R rsen 
max. read current @VDD min [VDD R GURRMIN |3 hob ÎR Je — 
max. read current @VDD max [VDD_R_CURR MAX |3 hob ÎR Jane — 
max. write current @VDD min [VDD W.CURR MIN |3 bob» |R JS — 
max. write current @VDD max [VDD W.GURR MAX |3 hob ÅR 1250 — 
device size multiplier JC size MULT s þe R foa 
[erase single block enable  |ERASE_BLK_EN 1o på — JR ew 
erase sector size [SECTOR SIZE Dees 
write protect group size |WP_GRP_SIZE 7 [w R Besa — 
write protect group enable  |WP_GRP ENABLE [1 bhe R Bä — 
reserved (Do not use) 2 jo ` Je Jong | 
write speedfactor [R2W_FACTOR 3 pod [R lez — 
max. write data block length — [WRITE BL LEN å ob R sa — 
partial blocks for write allowed [WRITE BL PARTIAL j bhe č R Jera — 
reserved 1 18 100000. Ip deoe | 
Filefomatgroup [FILE FORMAT GRP 
copy flag 
[permanent write protection — [PERM WRITE. PROTECT 
temporary write protection — |TMP. WRITE. PROTECT 
Fie format [FILE FORMAT 
ere [orc 
notused aways | fm ë oo — 


Table 5-4: The CSD Register Fields (CSD Version 1.0) 
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The following sections describe the CSD fields and the relevant data types. If not explicitly defined 
otherwise, all bit strings are interpreted as binary coded numbers starting with the left bit first. 


e TAAC 
Defines the asynchronous part of the data access time. 


TAAC bit position | code 


time unit 

0=1ns, 1=10ns, 2=100ns, 3=1us, 4=10us, 
5=100us, 6=1ms, 7=10ms 

time value 

O=reserved, 1=1.0, 2=1.2, 3=1.3, 4=1.5, 
5=2.0, 

6=2.5, 7=3.0, 8=3.5, 9=4.0, A=4.5, B=5.0, 
C=5.5, D=6.0, E=7.0, F=8.0 


Table 5-5: TAAC Access Time Definition 


e NSAC 
Defines the worst case for the clock-dependant factor of the data access time. The unit for NSAC is 100 
clock cycles. Therefore, the maximal value for the clock-dependent part of the data access time is 25.5 
k clock cycles. 
The total access time Nac as expressed in the Table 4-49 is the sum of TAAC and NSAC. It should be 
computed by the host for the actual clock rate. The read access time should be interpreted as a typical 
delay for the first data bit of a data block or stream. 


e TRAN SPEED 
The following table defines the maximum data transfer rate per one data line - TRAN SPEED: 


TRAN SPEED bit [code 


2:0 transfer rate unit 
0=100kbit/s, 1=1Mbit/s, 2=10Mbit/s, 
3=100Mbit/s, 4... 7=reserved 


time value 

O=reserved, 1=1.0, 2=1.2, 3=1.3, 4=1.5, 
5=2.0, 6=2.5, 7=3.0, 8=3.5, 9=4.0, A=4.5, 
B=5.0, C=5.5, D=6.0, E=7.0, F=8.0 


reserved 


Table 5-6: Maximum Data Transfer Rate Definition 


Note that for current SD Memory Cards, this field shall be always 0 0110 010b (032h) which is equal to 
25 MHz - the mandatory maximum operating frequency of SD Memory Card. 

In High-Speed mode, this field shall be always 0_1011_010b (05Ah) which is equal to 50 MHz, and 
when the timing mode returns to the default by CMD6 or CMDO command, its value will be 032h. 
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e ccc 
The SD Memory Card command set is divided into subsets (command classes). The card command 
class register CCC defines which command classes are supported by this card. A value of 1 in a CCC 
bit means that the corresponding command class is supported. For command class definitions, refer to 
Table 4-20. 


CCC bit Supported card command class 


Table 5-7: Supported Card Command Classes 


e READ BL LEN 
The maximum read data block length is computed as 2°°49-®'-tEN The maximum block length might 
therefore be in the range 512...2048 bytes (see Chapter 4.11 for details). Note that in an SD Memory 
Card the WRITE BL LEN is always equal to READ BL LEN 


READ BL LEN |Block length 
08 Jreeeneg O 
Oo [2=512Bytes 


27= 1024 Bytes 
2°" = 2048 Bytes 
BE 


Table 5-8: Data Block Length 


e READ_BL_PARTIAL (always = 1 in SD Memory Card) 
Partial Block Read is always allowed in an SD Memory Card. It means that smaller blocks can be used 
as well. The minimum block size will be one byte. 


¢ WRITE BLK MISALIGN 
Defines if the data block to be written by one command can be spread over more than one physical 
block of the memory device. The size of the memory block is defined in WRITE BL LEN. 
WRITE BLK MISALIGN=0 signals that crossing physical block boundaries is invalid. 
WRITE BLK MISALIGN=1 signals that crossing physical block boundaries is allowed. 


e READ BLK MISALIGN 
Defines if the data block to be read by one command can be spread over more than one physical block 
of the memory device. The size of the memory block is defined in READ BL LEN. 
READ BLK MISALIGN=0 signals that crossing physical block boundaries is invalid. 
READ BLK MISALIGN=1 signals that crossing physical block boundaries is allowed. 


130 Confidential 


©Copyright 2001-2009 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 


Physical Layer Specification Version 3.00 


DSR_IMP 
Defines if the configurable driver stage is integrated on the card. If set, a driver stage register (DSR) 
shall be implemented (also see Chapter 5.5). 


DSRÅMP —|DSR type 


DO no DSR implemented 
DSR implemented 


Table 5-9: DSR Implementation Code Table 


C SIZE 
This parameter is used to compute the user's data card capacity (not include the security protected 
area). The memory capacity of the card is computed from the entries C SIZE, C SIZE MULT and 
READ BL LEN as follows: 
memory capacity = BLOCKNR * BLOCK LEN 

Where 

BLOCKNR = (C_SIZE+1) * MULT 

MULT = ZE MIT (C_SIZE_MULT <8) 

BLOCK LEN = 2READ BLLEN (READ BL LEN < 12) 


To indicate 2 GByte card, BLOCK LEN shall be 1024 bytes. 

Therefore, the maximal capacity that can be coded is 4096*512*1024 = 2 G bytes. 

Example: A 32 Mbyte card with BLOCK LEN = 512 can be coded by C SIZE MULT = 3 and C SIZE = 
2000. 

The Maximum Data Area size of Standard Capacity SD Card is 4,153,344 sectors (2028MB). 


VDD R CURR MIN, VDD W CURR MIN 

The maximum values for read and write currents at the minimal power supply Vpp are coded as follows: 
VDD R CURR MIN 
VDD W CURR MIN 


Code for Current Consumption @ VDD 


0=0.5mA; 1=1mA; 2=5mA; 3=10mA; 
4=25mA; 5=35mA; 6=60mA; 7=100mA 


Table 5-10: Vpp, min Current Consumption 


VDD R CURR MAX, VDD W CURR MAX 


The maximum values for read and write currents at the maximal power supply Vpp are coded as fol- 


lows: 
VDD R CURR MAX ; 
VDD W CURR MAX Code for Current Consumption @ VDD 


0=1mA; 1=5mA; 2=10mA; 3=25mA; 


4=35mA; 5=45mA; 6=80mA; 7=200mA 
Table 5-11: Vpp, max Current Consumption 
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e GC SIZE MULT 


This parameter is used for coding a factor MULT for computing the total device size (see 'C_SIZE'). The 
factor MULT is defined as 29-514F-MULT*2 


C_SIZE_MULT MULT 


Table 5-12: Multiply Factor for the Device Size 


e ERASE BLK EN 
The ERASE BLK EN defines the granularity of the unit size of the data to be erased. The erase 


operation can erase either one or multiple units of 512 bytes or one or multiple units (or sectors) of 
SECTOR_SIZE (see definition below). 


If ERASE_BLK_EN=0, the host can erase one or multiple units of SECTOR_SIZE. The erase will start 
from the beginning of the sector that contains the start address to the end of the sector that contains the 
end address. For example, if SECTOR_SIZE=31 and the host sets the Erase Start Address to 5 and the 
Erase End Address to 40, the physical blocks from 0 to 63 will be erased as shown in Figure 5-1. 


Physical Block 0 1 2 3 4 5 6 
(per CSD) 0123456789 0123456789 0123456789 0123456789 0123456789 0123456789 0123456789 


Host Erase | 
Address Range | 


Erase Area « | > 

Erase Unit | 

Size < >= g 
Figure 5-1: ERASE_BLK_EN = 0 Example 


If ERASE_BLK_EN=1 the host can erase one or multiple units of 512 bytes. All blocks that contain data 
from start address to end address are erased. For example, if the host sets the Erase Start Address to 5 
and the Erase End Address to 40, the physical blocks from 5 to 40 will be erased as shown in Figure 
5-2. 


Physical Block 0 1 2 3 4 5 6 
(per CSD) 0123456789 0123456789 0123456789 0123456789 0123456789 0123456789 0123456789 
Host Erase | | 

Address Range ea g 
Erase Area a æ 


Figure 5-2: ERASE_BLK_EN = 1 Example 
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SECTOR_SIZE 

The size of an erasable sector. The content of this register is a 7-bit binary coded value, defining the 
number of write blocks (see WRITE_BL_LEN). The actual size is computed by increasing this number 
by one. A value of zero means one write block, 127 means 128 write blocks. 


WP_GRP_SIZE 

The size of a write protected group. The content of this register is a 7-bit binary coded value, defining 
the number of erase sectors (see SECTOR_SIZE). The actual size is computed by increasing this 
number by one. A value of zero means one erase sector, 127 means 128 erase sectors. 


WP_GRP_ENABLE 
A value of 0 means no group write protection possible. 


R2W_FACTOR 
Defines the typical block program time as a multiple of the read access time. The following table defines 
the field format. 


R2W_FACTOR Multiples of read access time 
2 


(write half as fast as read) 


Table 5-13: R2W_FACTOR 


pe 


WRITE BL LEN 

The maximum write data block length is computed as 2""*'TEBLEN. The maximum block length might 
therefore be in the range from 512 to 2048 bytes. Write Block Length of 512 bytes is always supported. 
Note that in the SD Memory Card, the WRITE BL LEN is always equal to READ BL LEN. 


WRITE BL LEN |Block Length 
08 [reserved = Cid 
a [2=512bytes 


10 2" = 1024 Bytes 
1 2" = 2048 Bytes 
1215 


Table 5-14: Data Block Length 


1 


WRITE_BL_PARTIAL 

Defines whether partial block sizes can be used in block write commands. 

WRITE_BL_PARTIAL=0 means that only the WRITE_BL_LEN block size and its partial derivatives, in 
resolution of units of 512 bytes, can be used for block oriented data write. 

WRITE_BL_PARTIAL=1 means that smaller blocks can be used as well. The minimum block size is one 


byte. 
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e FILE FORMAT GRP 


Indicates the selected group of file formats. This field is read-only for ROM. The usage of this field is 
shown in Table 5-15 (see FILE FORMAT). 


e COPY 
Defines whether the contents is original (=0) or has been copied (=1). Setting this bit to 1 indicates that 
the card content is a copy. The COPY bit is a one time programmable bit except ROM card. 


e PERM WRITE PROTECT 


Permanently protects the entire card content against overwriting or erasing (all write and erase 
commands for this card are permanently disabled). The default value is 0, i.e. not permanently write 
protected. 


e TMP WRITE PROTECT 


Temporarily protects the entire card content from being overwritten or erased (all write and erase 
commands for this card are temporarily disabled). This bit can be set and reset. The default value is 0, 
i.e. not write protected. 


s FILE FORMAT 
Indicates the file format on the card. This field is read-only for ROM. The following formats are defined: 


FILE FORMAT GRP Jos FORMAT 
Oi S) Hard disk-like file system with partition table 


1 DOS FAT (floppy-like) with boot sector only 
(no partition table) 


0 2 Universal File Format 
0 18 |OthersjUnknown 
0,1,2,3 


Table 5-15: File Formats 


A more detailed description is given in the File System Specification. 


e CRC 
The CRC field carries the check sum for the CSD contents. It is computed according to Chapter 4.5. 
The checksum has to be recalculated by the host for any CSD modification. The default corresponds to 
the initial CSD contents. 
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5.3.3 CSD Register (CSD Version 2.0) 


Table 5-16 shows Definition of the CSD Version 2.0 for the High Capacity SD Memory Card and 


Extended Capacity SD Memory Card. 
The following sections describe the CSD fields and the relev 
Memory Card. 


ant data types for the High Capacity SD 


CSD Version 2.0 is applied to only the High Capacity SD Memory Card. The field name in parenthesis 
is set to fixed value and indicates that the host is not necessary to refer these fields. The fixed values 
enables host, which refers to these fields, to keep compatibility to CSD Version 1.0. The Cell Type field 


is coded as follows: R = readable, W(1) = 


CSD structure CSD_STRUCTURE 


writable once, W = multiple writable. 


Width | Value Cell Type | CSD-slice 
2 01b ÍR _ 11127:126] 


ea EE 


(TAG) 


GS 


ae read access-time in CLK | (NSAC) 
cycles (NSAC*100) 


OOF (111: 704] 


max. data transfer rate (TRAN_SPEED) 32h, 5Ah, OBh or FO [103:96] 
2Bh 


card command classes Co 


max. read data block length C 


partial blocks for read allowed |(READ_BL_PARTIAL) 


42 fonmorotoi |R Jean — 
eb IER 


R [mer] — 


write block misalignment (WRITE. BLK MISALIGN) nr [78:78] 
read block misalignment (READ_BLK_MISALIGN) E E 77: a 


DSR implemented DSR_IMP 


reserved 


device size C_SIZE 


E EE 


erase single block enable — [(ERASE BIK EN, 
rase sector size [(SECTOR_SIZE) 
write protect group size _|(WP_GRP_SIZE) 
write protect group enable — |(WP_GRP_ENABLEJ 


reserved 


write speed factor (R2W_FACTOR) 


(WRITE_BL_PARTIAL) 
Free Ca EN 
(FILE FORMAT GRP) [1 

coyta cory 


Ap fr ë ew 


C TE e eeng 
22 fwon [R Nooa — 


R faran | 


4 1 ë R — Jeng — 
7 Jfr R em — 
"Jee E Ia 
A Jo fr EU 


00b 


R 6029 


7 010b RI [28:26] 
max. write data block length |(WRITE BL LEN) 
A [fo ë ëR fer 


R — [2520 | 


mer ` kr | 
Bn DE 


DS 


permanent write protection |PERM WRITE PROTECT Sen ta 
temporary write protection —|TMP WRITE PROTECT [12:12] 


File format 
reseed 


(FILE_FORMAT) 


CRC 


2 œ R mo 
DREES 


z ho fam før — 
fog 


EE ee ne 


Table 5-16: The CSD Register Fields EG Version 2.0) 
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e TAAC 
This field is fixed to OEh, which indicates 1 ms. The host should not use TAAC, NSAC, and 
R2W_FACTOR to calculate timeout and should uses fixed timeout values for read and write operations 
(See 4.6.2). 


e NSAC 
This field is fixed to 00h. NSAC should not be used to calculate time-out values. 


e TRAN SPEED 


Definition of this field is same as in CSD Version1.0. 
UHS50 Card sets TRAN SPEED to OBh (100Mbit/sec), for both SDR50 and DDR50 modes. 
UHS104 Card sets TRAN SPEED to 2Bh (200Mbit/sec). 


e ccc 
Definition of this field is same as in CSD Version1.0. 


e READ BL LEN 
This field is fixed to 9h, which indicates READ BL LEN=512 Byte. 


e READ BL PARTIAL 
This field is fixed to 0, which indicates partial block read is inhibited and only unit of block access is 
allowed. 


e WRITE BLK MISALIGN 
This field is fixed to 0, which indicates write access crossing physical block boundaries is always 
disabled in High Capacity SD Memory Card. 


e READ BLK MISALIGN 
This field is fixed to 0, which indicates read access crossing physical block boundaries is always 
disabled in High Capacity SD Memory Card. 


¢ DSR IMP 
Definition of this field is same as in CSD Version1.0. 


e C_SIZE 
This field is expanded to 22 bits and can indicate up to 2 TBytes (lt is the same as the maximum 
memory space specified by a 32-bit block address.) 
This parameter is used to calculate the user data area capacity in the SD memory card (not include the 
protected area). The user data area capacity is calculated from C SIZE as follows: 
memory capacity = (C_SIZE+1) * 512K byte 


The Minimum user area size of SDHC Card is 4,211,712 sectors (2,056.5MB). 
The Minimum value of C_SIZE for SDHC in CSD Version 2.0 is 001010h (4112). 
The Minimum user area size of SDXC Card is 67,108,864 sectors (32GB). 

The Minimum value of C_SIZE for SDXC in CSD Version 2.0 is OOFFFFh (65535). 


136 Confidential 


©Copyright 2001-2009 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Specification Version 3.00 


e ERASE_BLK_EN 
This field is fixed to 1, which means the host can erase one or multiple units of 512 bytes. 


e SECTOR SIZE 
This field is fixed to 7Fh, which indicates 64 KBytes. This value does not relate to erase operation. High 
Capacity and Extended Capacity cards indicate memory boundary by AU size and this field should not 
be used. 


e WP GRP SIZE 
This field is fixed to 00h. The High Capacity SD Memory Card does not support write protected groups. 


e WP GRP ENABLE 
This field is fixed to 0. The High Capacity SD Memory Card does not support write protected groups. 


e R2W FACTOR 


This field is fixed to 2h, which indicates 4 multiples. Write timeout can be calculated by multiplying the 
read access time and R2W_FACTOR. However, the host should not use this factor and should use 250 
ms for write timeout (See 4.6.2). 


e WRITE BL LEN 
This field is fixed to 9h, which indicates WRITE BL LEN=512 Byte. 


e WRITE BL PARTIAL 


This field is fixed to 0, which indicates partial block read is inhibited and only unit of block access is 
allowed. 


e FILE FORMAT GRP 
This field is set to 0. Host should not use this field. 


e COPY 
Definition of this field is same as in CSD Version1.0. 


e PERM WRITE PROTECT 
Definition of this field is same as in CSD Version1.0. 


e TMP WRITE PROTECT 
Definition of this field is same as in CSD Version1.0. 


s FILE FORMAT 
This field is set to 0. Host should not use this field. 


e CRC 
Definition of this field is same as in CSD Version1.0. 
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5.4 RCA register 


The writable 16-bit relative card address register carries the card address that is published by the card 
during the card identification. This address is used for the addressed host-card communication after the 
card identification procedure. The default value of the RCA register is 0x0000. The value 0x0000 is 
reserved to set all cards into the Stand-by State with CMD7. 


5.5 DSR register (Optional) 


The 16-bit driver stage register is described in detail in Chapter 6.5. It can be optionally used to improve 
the bus performance for extended operating conditions (depending on parameters like bus length, 


transfer rate or number of cards). The CSD register carries the information about the DSR register 
usage. The default value of the DSR register is 0x404. 


5.6 SCR register 


In addition to the CSD register, there is another configuration register named SD CARD Configuration 
Register (SCR). SCR provides information on the SD Memory Card's special features that were 
configured into the given card. The size of SCR register is 64 bits. This register shall be set in the 
factory by the SD Memory Card manufacturer. 

The following table describes the SCR register content. 


eebe 
Type |Slice 

[SCR Structure |SCR_STRUCTURE |4 Ip (po | 
SD Memory Card - Spec. Version [SD SPEG — [4 R JS 
(data status after erases [DATA STATAFTER ERASE [1 |R JESS 
[SD Security Suppt [SD SECURITY hs IR libsa 
[DAT Bus widths supported —-—J|sbBUSWIDTHS [4 JR listasi 
Spec. Version 3.00 or higher [sD spes ë h R m 
Resev — pf 1 a 
Command Support bits |CMD_SUPPORT Im ÅR [13:32] _ 
reserved formanufacturerusage | 2 R Boa 


Table 5-17: The SCR Fields 


SCR STRUCTURE |SCR structure version SD Physical Layer Specification Version 
lo [SCR version 1.0 Version 1.01-3.00 


hs — egene | 


Table 5-18: SCR Register Structure Version 
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e SD SPEC 
Describes the Physical Layer Specification Version supported by the card. 


SD SPEC Physical Layer Specification Version Number 
[o | Version 1.0 and 1.01 


Version 1.10 
Version 2.00 or Version 3.00 (Refer to SD SPEC3) 


Table 5-19: Physical Layer Specification Version 


e SD SPEC3 
SD SPEC | SD SPEC3 | Physical Layer Specification Version Number 


| 2 | 0O | Version 2.00 


Version 3.00 


Application Notes: 
Hosts recognize Physical Layer Specification Version shall also recognize including future version. 
Next version will be defined in SD SPEC field. 


The card manufacturer determines SD SPEC value by conditions indicated below. All conditions shall 
be satisfied for each version. The other combination of conditions is not allowed. 


e Version 1.01 Card Requirements (SD SPEGC is set to 0) 
(1) The card does not support CMD6 
(2) The card does not support CMD8 
(3) User area capacity shall be up to 2GB 


e Version 1.10 Card Requirements (SD_SPEC is set to 1) 
(1) The card shall support CMD6 
(2) The card does not support CMD8 
(3) User area capacity shall be up to 2GB 


e Version 2.00 Card Requirements (SD_SPEC is set to 2) 
(1) The card shall support CMD6 
(2) The card shall support CMD8 
(3) The card shall support CMD42 
(4) In case of SDHC, the card shall support Speed Class 
(5) User area capacity shall be up to 32GB. 
e Version 3.00 Card Requirements (SD_SPEC is set to 3) 
(1) The card shall support CMD6 
(2) The card shall support CMD8 
(3) The card shall support CMD42 
(4) In case of SDHC or SDXC, the card shall support Speed Class 
(5) User area capacity shall be up to 2TB. 


Application Notes: 
When checking SD_SPEC version in SCR, the host shall not forget that higher SD_SPEC version 
may be specified in future. It is important to keep compatibility for future version. 
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e DATA STAT AFTER ERASE 
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Defines the data status after erase, whether it is 0 or 1 (the status is card vendor dependent). 


e SD SECURITY 
Describes the Security Specification Version supported by the card. 


SD SECURITY Security Specification Version 
oo fnoseuy y YOO 


Version 1.01 
Version 2.00 
Version 3.00 


Table 5-20: SD Supported Security Algorithm 


Note that it is mandatory for a regular writable SD Memory Card to support Security Protocol. For ROM 
(Read Only) and OTP (One Time Programmable) types of the SD Memory Card, the security feature is 
optional. In the case of Standard Capacity SD Memory Card, this field shall be set to 2 (Version 1.01). In 
the case of High Capacity SD Memory Card, this field shall be set to 3 (Version 2.00). 


e SD_BUS_WIDTHS 
Describes all the DAT bus widths that are supported by this card. 


SD_BUS_WIDTHS Supported Bus Widths 
1 bit (DATO) 


4 bit (DATO) 


Table 5-21: SD Memory Card Supported Bus Widths 


Since the SD Memory Card shall support at least the two bus modes 1-bit or 4-bit width, then any SD 
Card shall set at least bits 0 and 2 (SD_BUS_WIDTH="0101"). 


e CMD SUPPORT 


Support bit of new commands are defined to Bit 45-32 of SCR. 


SCR Bit | Support Command Command | CCC | Remark 
33 Set Block Count CMD23 2,4 Mandatory for UHS104 card 
32 Speed Class Control CMD20 2,4 Mandatory for SDXC card 


Table 5-22 : Command Support Bits 
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6. SD Memory Card Hardware Interface 


The SD Memory Card has six communication lines and three supply lines: 


e CMD: Command is a bidirectional signal. The host and card drivers operate in push pull mode. 
DATO-3: Data lines are bidirectional signals. Host and card drivers operate in push pull mode 
e CLK: Clock is a host to card signal. CLK operates in push pull mode 
e Vbp: Von is the power supply line for all cards. 
e Masi, Vss2 are two ground lines. 
In addition to those lines that are connected to the internal card circuitry, there are two contacts of the 
Write Protect/Card Detect switch that are part of the socket. Those contacts are not mandatory but if 
they exist, they should be connected as given in the following figure. 


When DAT3 is used for card detection, Rpat for DAT3 should be unconnected and another resistor 
should be connected to the ground. 


6 © o 
| Roar | Remo hi 


Write Protect VSS we — 


SD CLK 
Memory 
Card i 
Host SE : EE 
= = = SD Memory |X 
Card 


Figure 6-1: Bus Circuitry Diagram 


Rpat and Remp are pull-up resistors protecting the CMD and the DAT lines against bus floating when no 
card is inserted or when all card drivers are in a high-impedance mode. 


The host shall pull-up all DATO-3 lines by RDAT, even if the host uses the SD Memory Card as 1 bit- 


mode-only in SD mode. Also, the host shall pull-up all "RSV" lines in SPI mode, even though they are 
not used. 


Rwp is used for the Write Protect/Card Detection switch. 
Refer to Chapter 6.6 for components values and conditions. 


Application Notes: 


If host uses decoupling capacitor on power line to reduce influence of inrush current caused by hot 
insertion, refer to Appendix E.1 for more detail. 
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6.1 Hot Insertion and Removal 
To guarantee the proper sequence of card pin connection during hot insertion, the use of either a 
special hot-insertion capable card connector or an auto-detect loop on the host side (or some similar 
mechanism) is mandatory (Refer to the Mechanical Addenda). 
No card shall be damaged by inserting or removing a card into the SD Memory Card bus even when 
the power (Vpp) is up. Data transfer operations are protected by CRC codes, therefore any bit changes 
induced by card insertion and removal can be detected by the host. 
The inserted card shall be properly reset also when CLK carries a clock frequency fpp. Each card shall 
have power protection to prevent card (and host) damage. Data transfer failures induced by 
removal/insertion are detected by the host. They should be corrected by the application, which may 
repeat the issued command. 


6.2 Card Detection (Insertion/Removal) 
In order to be able to give feedback indication to the users, the SD Memory Card system shall imple- 
ment detection of card insertion or removal. One method is that connector generate card detect signal. 
Another method is by sensing pin 1 of the card, and detecting the pull-up resistance on it. Detailed 
description of this and several other card detection options is given in"Part H2 Host Implementation 
Guideline". 
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6.3 Power Protection (Insertion/Removal) 
Cards shall be inserted/removed into/from the bus without damage. If one of the supply pins (Vpp or 
Vss) is not connected properly, then the current is drawn through a data line to supply the card. 


Von ee > 
E a 
l 
| 
| 
| ZS 
l 
vP not connected 7 
Sa Sp Re bconmecten i2 
Card 
Controller 
CMD, pat 
CLK ~«@ -.------ 
Vss not connected TN 
| 
VAN 
| 
| 
I 


Vss E LA 


Figure 6-2: Improper Power Supply 


Every card's output also shall be able to withstand short circuit to either supply. 


Connector 
S E 
Nr (shot $ 
3 \ 
/8 | 
E taal 
) 
5 d-------------- = 
CMD, G eal d 
DAT,CLK to 
eet te fl 
be i short N 
vd \ 
g 
2 l 
7 
<4- ------------- 


Vss ° BS 


Figure 6-3: Short Circuit Protection 


If hot insertion feature is implemented in the host, then the host has to withstand an instant short circuit 
between Vpp and Vss without damage. 
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6.4 Power Scheme 


The power scheme of the SD Memory Card bus is handled locally in each SD Memory Card and in the 
host. 


6.4.1 Power Up 


Supply voltage 


Valid voltage range for 
all commands 


Time out value for 


initialization process = 15ec 
End of first ACMD41 to card read 


N ACMD| Nec | ACMD 
41 = =>] 41 


Optional repetitions of ACMD41 
until no cards are responding 
with busy bit set 


time 


«Power up time, I Supply ramp up timg. 


Initialization sequencé 


Initialization delay: 
The maximum of 
1 msec, 74 clock cycles 
and supply ramp up time 


Figure 6-4: Power-up Diagram 


e Power up time' is defined as voltage rising time from 0 volt to Vpp min (refer to 6.6) and depends on 
application parameters such as the maximum number of SD Cards, the bus length and the 
characteristic of the power supply unit. 

e 'Supply ramp up time" provides the time that the power is built up to the operating level (Host Supply 
Voltage) and the time to wait until the SD card can accept the first command, 

e The host shall supply power to the card so that the voltage is reached to Vdd min within 250ms and 
start to supply at least 74 SD clocks to the SD card with keeping CMD line to high. In case of SPI 
mode, CS shall be held to high during 74 clock cycles. 

e After power up (including hot insertion, i.e. inserting a card when the bus is operating) the SD Card 
enters the idle state. In case of SD host, CMDO is not necessary. In case of SPI host, CMDO shall be 
the first command to send the card to SPI mode. 

e CMD8 is newly added in the Physical Layer Specification Version 2.00 to support multiple voltage 
ranges and used to check whether the card supports supplied voltage. The version 2.00 or higher 
host shall issue CMD8 and verify voltage before card initialization. The host that does not support 
CMD8 shall supply high voltage range. 

e ACMD41 is a synchronization command used to negotiate the operation voltage range and to poll the 
cards until they are out of their power-up sequence. In case the host system connects multiple cards, 


the host shall check that all cards satisfy the supplied voltage. Otherwise, the host should select one 
of the cards and initialize. 
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6.4.1.1 Power Up Time 
Reset level is not described in Figure 6-4 of the Physical Layer Specification Version 2.00. Change of 
Figure 6-5 is applied to Figure 6-4 of the Physical Layer Specification. 
Host needs to keep power line level less than 0.5V and more than 1ms before power ramp up. 


VDD Supply 


voltage 


Stable Supply voltage | 


0.5V 


» Time (not to scale) 


I 
I 
+4—>1m5ec—p> 1 —— Power ramp H > <q initialization age | CMDO —3> 
I 
i | Initialization delay The | 
I 


maximum of 1msec, 74 clock 
cycles and supply up time 


Figure 6-5 : Change of Figure for Power Up 


6.4.1.2 Power On or Power Cycle 
Followings are requirements for Power on and Power cycle to assure a reliable SD Card hard reset. 
(1) Voltage level shall be below 0.5V 
(2) Duration shall be at least 1ms. 


6.4.1.3 Power Supply Ramp Up 
The power ramp up time is defined from 0.5V threshold level up to the operating supply voltage which is 
stable between VDD(min.) and VDD(max.) and host can supply SDCLK. 


Followings are recommendation of Power ramp up: 
(1) Voltage of power ramp up should be monotonic as much as possible. 
(2) The minimum ramp up time should be 0.1ms. 
(3) The maximum ramp up time should be 35ms for 2.7-3.6V power supply. 


6.4.2 Power Down and Power Cycle 
e When the host shuts down the power, the card Vpp shall be lowered to less than 0.5Volt for a 
minimum period of 1ms. During power down, DAT, CMD, and CLK should be disconnected or driven 
to logical 0 by the host to avoid a situation that the operating current is drawn through the signal lines. 


e |f the host needs to change the operating voltage, a power cycle is required. Power cycle means the 
power is turned off and supplied again. Power cycle is also needed for accessing cards that are 
already in Inactive State. To create a power cycle the host shall follow the power down description 
before power up the card (i.e. the card Vpp shall be once lowered to less than 0.5Volt for a minimum 
period of 1ms). 
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6.5 Programmable Card Output Driver (Optional) 
The bus capacitance of each line of the SD bus is the sum of the host capacitance, the bus capacitance 
itself and the capacitance of each inserted card. The sum of host and bus capacitance is fixed for one 
application, but may vary between different applications. The card load may vary in one application with 
each of the inserted cards. 
In the following, programmable card output drivers for the push pull mode are described as an optional 
method for ensuring the defined maximum clock rate independently of the topology and of the number 
of inserted cards. 
Both data and command driver stages in the push-pull mode have programmable peak current driving 
capabilities and programmable rise and fall times. The driver stage register (DSR) consists of two 8-bit 
latches. The contents of the latches are calculated from the required transfer speed of the interface and 
the bus load. 
The CMD and DAT bus drivers consist of a pre-driver stage and a complementary driver transistor 
(Figure 6-6). The pre-driver stage output rise and fall time is set with the DSR1 register and determines 
the speed of the driver stage. The complementary driver transistor size is set with the DSR2 register 
and determines the current driving capabilities of the driver stage and also influences the peak current 
consumption of the bus driver. The proper combination of both allows the optimum bus performance. 
Table 6-1 defines the DSR register contents: 


SE e ee ee 
reserved 100ns |500ns 
50ns_|200ns 


DSR2 7 6 5 4 3 2 1 0 


EE 200mA 10mA |2mA 


Table 6-1: DSR Register Contents 


The time in DSR1 specifies the switch-on time of the output driver transistors. At the external interface, 
it is measurable as a delay time between the clock and driver stage output signal (e.g. for testing). 
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CLK 
Internal card clock 


Drive DATO-3 pin 4 


DATO-3 out 
=_ 


DATO-3 line in 


Drive CMD pin 


CMD line out 


CMD line in 


Driver Stage 
Register 
Figure 6-6: SD Memory Card Bus Driver 


All data are valid for the specified operating range (voltage, temperature). Any combination of DSR‘ 
and DSR2 bits may be programmed. DSR1 has to be programmed for the required clock frequency, 
where 

Lech = (2 tswitch-on ma 
The DSR2 register shall be programmed with the required driver size. Hints for the proper driver stage 
selection are part of future application notes (see Appendix). 
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6.6 Bus Operating Conditions for 3.3V Signaling 


6.6.1 Threshold Level for High Voltage Range 


Parameter 
Supply Voltage 


Output High Voltage loH=-2MA VDD min 


Output Low Voltage 0.125*Vpp lo. = 2MA VDD min 


Input High Voltage 0.625"Vpp Vpo+0.3 


Input Low Voltage Vss-0.3 0.25 *Vpp 


Power Up Time 250 From OV to Vpp min 


Table 6-2: Threshold Level for High Voltage 


6.6.2 Peak Voltage and Leakage Current 


Symbol | min | Max | Unit | Remark 
Peak voltage on all lines | Log voros fv ` 


All Inputs 


Input Leakage Curent | 110 td | 


All Outputs 


| Output Leakage Current | 110 tf | 


Table 6-3: Peak Voltage and Leakage Current 


6.6.3 Current Consumption 
The current consumption is measured by averaging over 1 second. 


Before first command: Maximum 15 mA 

During initialization: Maximum 100 mA 

Operation in Default Speed Mode: Maximum 100 mA for SDSC and SDHC 

100mA (XPC=0) or 150mA (XPC=1) for SDXC 

Operation in High Speed Mode: Maximum 200 mA 

Operation in UHS-| Mode: Maximum 400mA (UHS50,DDR50) or 800mA (UHS104) 

Operation with other functions: Maximum 500 mA. 

Some functions can be added by CMD6 and SDIO (ex. McEX, ASSD and Combo Card). Host 
needs to select functions so that the total current of selected functions shall be up to 500mA. In 
case of UHS-I card, host should not select UHS-I mode and the other functions at the same 
time. 
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6.6.4 Bus signal line load 
The total capacitance of the SD Memory Card bus is the sum of the host capacitance Cyost, the bus 
capacitance Cous itself and the capacitance Ccarp of each card connected to this line: 
Total bus capacitance = Chost + Cous + N Ccarp 
Where N is the number of connected cards. 


Parameter | Symbol | Min. |Max. |Unit_|Remark 


Pull-up resistance To prevent bus floating 
Roar 


Total bus capacitance for each signal line |C 40 pF 1 card 
Cuost+tCpus shall not exceed 
30 pF 


Card capacitance for each signal pin [Ccann | Jun [pF 


[Maximum signal ine inductance | | Je Jg 


Pull-up resistance inside card (pin1) Rpar3 10 kl |May be used for card 
detection 
Capacity Connected to Power Line Ce IF 5 NF | To prevent inrush current 


Table 6-4: Bus Operating Conditions - Signal Line's Load 


Note that the total capacitance of CMD and DAT lines will be consist of Chost, Cgus and one Cearn only 
because they are connected separately to the SD Memory Card host. 

Host should consider total bus capacitance for each signal as the sum of Cuost, Ceus, and Ccarp, these 
parameters are defined by per signal. The host can determine Chost and Cgys so that total bus 
Capacitance is less than the card estimated capacitance load (C,=40 pF). The SD Memory Card 
guarantees its bus timing when total bus capacitance is less than maximum value of C, (40 pF). 

To limit inrush current caused by host insertion, card maximum capacitance between Vpp-Vss is defined 
as 5uF (Refer to Appendix E.1 ). 


6.6.5 Bus Signal Levels 


As the bus can be supplied with a variable supply voltage, all signal levels are related to the supply 
voltage. 


d A 
Mon 
i output 
i Rac! l Yi j high level 
Vin 
undefined 
Vi 
input | 
low level Vor output 
| low level 
Vss t 


Figure 6-7: Bus Signal Levels 
To meet the requirements of the JEDEC specification JESD8-1A and JESD8-7, the card input and 


output voltages shall be within the specified ranges shown in Table 6-2 for any Vpp of the allowed 
voltage range: 
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6.6.6 Bus Timing (Default) 


Not Valid l i Not Valid 


la—topuymin) 


Not Valid i |) Not Valid 


Figure 6-9: Card Output Timing (Default Speed Mode) 


Sømbeilmn — [ur Jm [Remark | 


Clock CLK (All values are referred to min (Vj) and max (Vj, ), 


Clock frequency Data Transfer Mode fee |o 125 | MHz | Ccarp Å 10 PF (1 card) 
Clock frequency Identification Mode foo | 0/100 400 | kHz | Cearn < 10 pF (1 card) 


seme e ee 
EE 
a eee 
[Clock faitime tm | fro fns Iéssen | 
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rammer — mon an un from 
eet ne Te Janry 
Inputholdtime Jm |s | [ns |ComS1opF(heard) | 


Outputs CMD, DAT (referenced to CLK) 


Output Delay time during Data topLy , $40 pF (1 card) 
Transfer Mode 

Output Delay time during topLy , £ 40 pF (1 card) 
a Mode 


) 0 Hz means to stop the clock. The given minimum frequency range is for cases were continues clock is required 


E to Chapter 4.4- Clock Control). 
Table 6-5: Bus Timing - Parameters Values (Default Speed) 
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6.6.7 Bus Timing (High-Speed Mode) 


Not Valid i i ' Not Valid 


ri Vin 
| % +50% Mon 


rot i trn 


) topty(max) ? fond 


Not Valid i Not Valid 


Figure 6-11: Card Output Timing (High Speed Mode) 


Parameter Tast [Min [Max [Unit [Remark | 


Clock CLK (All values are referred to min (Vu) and max (Vu) 


Clock frequency Data Transfer Mode ae eee Ccarp Å 10 PF (1 card) 


Inputs CMD, DAT (referenced to CLK) 
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< 10 pF (1 card) 


toDLY , £ 40 pF (1 card) 


ton | > 15pF (1 card) 


Total System capacitance for each line” 


1) In order to satisfy severe timing, host shall drive only one card. 
Table 6-6: Bus Timing - Parameters Values (High Speed) 
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6.7 Driver Strength and Bus Timing for 1.8V Signaling 
6.7.1 Output Driver Strength 


6.7.1.1 4-Level Driver Strength 

To keep flexible design of the host system, output driver can see a wide range of host loads. 4- 
selectable drive strength enables host system to adjust drive strength that is optimized for the specific 
host load. That gives the SD card the flexibility to be supported by different system loads and system 
targets, while giving a very good signal integrity performance. 

4-selectable drive strength types are defined for UHS-I card 1.8V signaling level. It is also serves as a 
reference for host output driver design. The host should select the most appropriate drive strength of 
the card to drive its specific PCB as explained in Section 6.7.1.5. 


6.7.1.2 I/O Drive Strength Types 

The load of the card output driver depends on the host PCB design. The equivalent capacitance load 
seen from the driver is determined by transmission line impedance, signal propagation delay on 
transmission line and rise / fall time of the signal. When a rise / fall time is longer than several number 
of wave reflection time on the transmission line, the load is considered as "lumped", otherwise, 
"distributed". The total capacitance load of card input, transmission line and host input are estimated for 
the lumped system. In contrast, the sum of the lumped elements on the path, up to a certain distance 
from the source is estimated for the distributed system. The rest of the path capacitance is unseen by 
the driver. Therefore, usually the Host controller input capacitance is not seen by the driver in this case. 


For testing purposes, the transmission line load is converted to an equivalent lumped load, which gives 
same rise / fall time as in the transmission line case. Two estimated capacitance loads are defined for 
each driver type to define driver characteristics of UHS50 and UHS104 cards. 


(1) Driver Type B 

Type B driver is the default drive strength, targeted for a fixed impedance distributed system with 50 
ohm transmission line, at all available frequencies. Therefore, it is defined as 50 ohm nominal driver. 
This driver can support total C of about 15pF for UHS104 card and about 30pF for UHS50 card. 
Drive strength B is the reference driver for definitions of all the rest of the drive strengths. 


(2) Driver Type A 
Type A driver is the x1.5 driver, defined as 33 ohm nominal driver, and supporting up to 208MHz 
operation. 


(3) Driver Type C 
Type C driver is the x0.75 driver, it is the weakest driver that supports 208MHz operation, and is 
defined as 66 ohm nominal driver. 


(4) Driver Type D 
Type D driver is a x0.5 driver, it is best for a system which the speed is not critical, but the more 
important is low noise / low EMI. Type D generates the slowest rise / fall time. Using a very slow rise 
time, the system usually will be considered as a lumped load system. Type D is defined as 100 ohm 
nominal driver, and the maximum operating frequency is depends on the host design. 
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Support of selectable driver strength depends on the card type as shown in Table 6-7. 


Nominal Driving 
Driver =. capability UHS50 Card | UHS104 Card 


Optional Mandatory 


~a Mandatory Mandatory 


Note: Nominal impedance is defined by l-V characteristics of output driver at 0.9V. 
Table 6-7 : I/O Driver Strength Types 


6.7.1.3 I/O Driver Target AC Characteristics 
This section describes design target for UO designer. The characteristics of output driver are measured 
by Figure 6-12 under all maximum to minimum delay conditions. 


6.7.1.3.1 Requirement for Rise / Fall Time 

Table 6-8 is the requirement from the default drive strength (Type B), for UHS104 and UHS50 card. 

The I-V curve (current-voltage characteristics) of drivers types A, C and D are approximately x1.5, x0.75 
and x0.5 from the default driver type B. 


-Driver Ri Rise / Fall Fall Time Requirements 
Driver Type Symbol 


| Max. | Units | G | 
Type B for 
Type B for 


Table 6-8 : I/O Driver Design Target 


Notes: 
1. Typical rise / fall time values are a design target. Any actual rise / fall time that is 
between the minimum and the maximum is conforming to this specification. 
2. Output rise time is measured between Vo, (0.45V) to Vou(1.4V),output fall time is 
measured between Vo4(1.4V) to Vo_(0.45V). 


Application Note: 

Table 6-8 is also useful to determine drive strength of host output driver. One of driver 
capabilities should be measured depending on the capacitance load of host system. 
When selecting type D driver, the maximum frequency is determined by the host system. 


6.7.1.3.2 Design Target for Ratio of Rise / Fall Time 

All the measurements performed in Section 6.7.1.3.1 satisfy the admissible difference between rise time 
and fall time as described in Table 6-9. Usually the worst case Rpr is experienced at unbalanced 
process condition fast N-channel and slow P-channel or slow N-channel and fast P-channel. 


[Parameter | Symbol | Min. | Typ. | Max. | Unit | 


ëss Tre | Rar | or | 10 | ts | [Resto 


Table 6-9 : Design Target for Ratio of Rise / Fall Time 


155 Confidential 


©Copyright 2001-2009 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Specification Version 3.00 


6.7.1.3.3 Output Driver Test Circuit 
The test circuit as shown in Figure 6-12 is used to verify driver characteristics. 


CL = Core + Cpke + Cea 


Driver model 


Measurement point 


Test Signal 


(un) | Cpe Cpxe 
ee TT 


Cea 


d 


Figure 6-12 : Outputs Test Circuit for Rise/Fall Time Measurement 


Notes: 

1. The ratio of rise time to fall time is specified for the same temperature and voltage, over the entire 
temperature and voltage range. For a given temperature and voltage combination, it represents the 
maximum difference between rise and fall time due to process variation. 

2. Terminology is defined as follows: 


CL: Total system effective capacitance for each line. (In distributed loads, not all 
trace elements are counted as effective capacitance) 

Ccarp: Card capacitance 

Cea: Equivalent lumped load, external to card. (Transmission lines are converted to 
an equivalent lumped load) 

Cole: Card die capacitance 

Cpke: Card package capacitance 

Ccarp = Cpe + Cpke 

CL = Cearn + Geo 


3. Card capacitance range is defined as follows: 


[Capacitance [Min |Max | Units [Notes | 
Commo (Coe + Ceo) Je [10 for |= > 


Table 6-10 : Card Capacitance Range 


6.7.1.4 Driver Strength Selection 
CMD6 Function Group 3 is used to select driver strength. 4 levels are defined from Function 0 to 3. 
Function 0 is default drive strength. Selecting method follows CMD6 definition. If the change of driver 
strength is failed, the current driver strength is still selected. 


Table 6-11 shows drive strength support in CMD6 Status. Host can change to supported driver strength 
of the card. 


CMD6 Status Bit | Meaning 
432 Support bit of Type B Driver (Always 1 as default) 
433 Support bit of Type A Driver 
434 Support bit of Type C Driver 
435 Support bit of Type D Driver 


Table 6-11 : Output Driver Type Support Bits 
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6.7.1.5 How to Select Optimal Drive Strength 

The host should simulate its specific system, to verify the optimal drive strength at the desired operating 
frequency. The host should select the weakest drive strength that meets rise / fall time requirement at 
system operating frequency. 

Or simply, whenever a stronger driver than type B is needed, driver type A can be selected and 
whenever a weaker driver than type B is needed, driver type C can be selected. However, as driver 
strength of UHS50 card is optional except type B, the host needs to use type B when the other driver 
types are not supported. Host which type A is optimal should reduce clock frequency in case of using 
type B. 


Type D should be used where the system design target is a low noise system. As of that, the maximum 
operating frequency is reduced, and shall be determined by the specific host system. 


Table 6-12 gives approximation of the total capacitance that each of the drive strength can support: 


Driver Type TypeA Type B Type C Type D 


SES ER 21 pF 15pF 11pF 
C, at 100MHz SDR 
Cı at 50 MHz DDR sapr a? Ss 


Table 6-12 : Approximation of Total Capacitance for Each of Drive Strength 


Note 1: 
Type D support total C of about 22pF or more, for slower rise / fall time than at 100MHz SDR 
operation. When selecting type D driver, the maximum frequency is determined by the host system. 


6.7.2 Bus Operating Conditions for 1.8V Signaling 
6.7.2.1 Threshold Level for 1.8V Signaling 


Table 6-13 shows DC specification of 1.8V signaling. As signaling level is generated by regulator in host 
and card, some of the values are defined by fixed value rather than based on VDD. 


Parameter Symbol Remark 
Supply Voltage Von 


Regulator Voltage Vppio Generated by Vpp 


Output High Voltage 
Output Low Voltage 
Input High Voltage 
Input Low Voltage 


Table 6-13 : Threshold Level for 1.8V Signaling 


6.7.2.2 Leakage Current 


Symbol | Min. | Max. | Unit | ` ` Remark ` | 
Input Leakage Current (2 1 2 | pA | DAT3 pull-up is disconnected. 


Table 6-14 : Input Leakage Current 
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6.7.3 Bus Timing Specification in SDR12, SDR25, SDR50 and SDR104 Modes 


6.7.3.1 Clock Timing 

Figure 6-13 shows clock signal timing and Table 6-15 shows required values of this timing. Clock timing 
is requirement for the host. tok is used to define rise / fall timing. Rise and fall time shall be less than 
0.2* Leo, SDCLK input shall satisfy the clock timing over all variable conditions, and is measured as 
close as possible to SD socket pins to the card while CMD and DAT[3:0] are in quiet state (not 
toggling). Mu denote Viu(min.) and Vu denotes V\_(max.) in Figure 6-13. 


Figure 6-13 : Clock Signal Timing 


208MHz (Max.), Between rising edge, Ver= 0.975V 
ter, tor .2* tcr, tor < 0.96ns (max.) at 208MHz, Coarp=10pF 
ter, tcr < 2.00ns (max.) at 1OOMHz, Cearn=10pF 
Table 6-15 : Clock Signal Timing 


6.7.3.2 Card Input Timing 

Figure 6-14 shows card input timing and Table 6-16 shows required values of card input timing. The 
new parameter Clock Threshold (Vcr) is introduced to indicate clock reference point. Vcr is defined as 
0.975V. Data setup time and hold time are measured at Data Threshold (Vi (max.) and Viu(min.)). Mu 
denote Vi4(min.) and Vu denotes V\_(max.) in Figure 6-14. 


CMD Input 


Not Valid 
DAT[3:0] Input ~ 


SDR104 mode 

Ccarp =10pF, Ver= 0.975V 

Ccarp =5pF, Ver= 0.975V 

SDR50 mode 

Ccarp =10 F, Ver= 0.975V 

Ccoarp =5pF, Ver= 0.975V 

Table 6-16 : SDR50 and SDR104 Input Timing 
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6.7.3.3 Card Output Timing 


6.7.3.3.1 Frequency Range Consideration 
The maximum frequency of UHS-I is 208MHz. Hosts can use any frequency less than the UHS-I card 
supported. Considering the relation between clock period and output delay time, there is a border 
frequency around 100MHz. Therefore, two output timing diagrams are defined in this document. 


(1) Fixed Output Data Window Case (< 100MHz) 

If output delay is less than clock period (topiy(max.) < tcik), DAT[3:0] can be sampled by SDCLK 
because fixed data window synchronized to SDCLK is always available. Considering topy (delay from 
SDCLK input to CMD and DAT[3:0] output), overlapped area of valid window is available under all 
maximum and minimum delay conditions (Variation of Temperature and voltage). Refer to Figure 
6-15. Fixed Output Data Window Timing (Figure 6-16) defines overlapped area of valid data window. 
Host can create sampling clock by loopback SDCLK method (refer to Appendix C.1 ). This timing 
mode enables the host to configure a simple data receiver circuit. The Fixed Output Data Window 
case is applied to SDR12, SDR25, SDR50 and SDR104 up to 100MHz. 


SDCLK / \ / \ 


Max. Delay X Valid X 
Overlapped Area X valid X 


Figure 6-15 : Fixed Output Data Window 


(2) Variable Output Data Window Case (< 208MHz) 
Output delay may be bigger than one clock period. In this case, another timing parameter top is 
adopted. top is the momentary output phase from SDCLK input to CMD and DAT[3:0] output. After 
initialization, the top can start at any phase in relation to the clock. At the initialization step the host 
should take care to find the optimal sampling point for the card outputs. The Variable Output Data 
Window is applied to SDR104 up to 208MHz. 


6.7.3.3.2 Output Timing of Fixed Data Window (all SDR modes up to 100MHz) 
Figure 6-16 shows card output timing of fixed data window and Table 6-17 shows required values of 
this timing for SDR12, SDR25, SDR50 and SDR104. A valid window is specified by the minimum and 
maximum of output delay (topiy). The valid data window synchronized to SDCLK is available 
regardless of all temperature and voltage variation. Output valid window is calculated by ox - topy + 
ton. Host can create sampling clock by delayed SDCLK. Voy denote Vox(min.) and Vo denotes 
Vo.(max.) in Figure 6-16. 


CMD Output 
DAT[3:0] Output 


Figure 6-16 : Output Timing of Fixed Data Window 
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tcLk>=10.0ns, C_=30pF, using driver Type B, for SDR50, 


tcLk>=20.0ns, C_=40pF, using driver Type B, for SDR25 and 
SDR12, 


| tw | 15 | - | ns |Holdtime at the topy (min.), C1=15pF 


Table 6-17 : Output Timing of Fixed Data Window 


6.7.3.3.3 Output Timing of Variable Window (SDR104 up to 208MHz) 

Figure 6-17 shows card output timing of variable data window and Table 6-18 shows required values 
of this timing. top is introduced to express output delay. top does not include a long term temperature 
drift in contrast topty which includes all delay variation. The temperature drift is expressed by ATop. 
top after initialization, can be in range from 0 to 2UI. On determining sampling point of data, a long 
term drift, which is mainly depends on temperature drift, should be considered. Output valid data 
window (topw) is available regardless of the drift (ATop) but position of data window varies by the drift. 
Vou denotes Vox(min.) and Vo denotes Vo (max.) in Figure 6-17. 


CMD Output 
DAT[3:0] Output 


Figure 6-17 : Output Timing of Variable Data Window 


| Symbol | Min. | Max. | Unit | 


tor 0 2 Ul | Card Output Phase 
Atop -350 | +1550 | ps | Delay variation due to temperature change after tuning 
| tow | 0.60 | - | Ul |tonw=2.88ns at 208MHz 
Table 6-18 : Output Timing of Variable Data Window 


Card Atop is the total allowable shift of output valid window (Topw) from last system Tuning procedure. 


Card Atop =1550pS for junction temperature of AT= 90°C during operation. 
Card Atop =-350pS for junction temperature of AT= -20°C during operation. 
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4 data valid window 7 


T Sampling point after tuning 


data valid window > 


Sampling point after card junction heating 
by +90 C from tuning temperature 
N 


data valid window ? 


Sampling point after card junction cooling 
by -20 C from tuning temperature 


Figure 6-18 : Atop Consideration for Variable Data Window Mode 


The range of Atop is 2600ps when card junction temperature changes from -25 deg.C to 125 deg.C 
during operation. 


It is important note that Figure 6-16 and Figure 6-17 are output timings of the same output circuit 
expressed under different conditions. Two output timing figures are required because two types of read 
data sampling methods are presumed depends on host implementation. These output timings are 
defined at the test circuit measurement point. Topw for card is defined in this table, using an external 
noise free test circuit in Section 6.7.1. The valid window defined by output timings include skew among 
CMD and DAT[3:0] created by the card. 

The host designer should consider the host transmission path which will add some Signal Integrity 
induced noise, skew between bus members, and timing errors. Expected Topw at host input is lager 
than 0.50UI. 


Application Notes: 

The host needs to consider drift of data window. A temperature drift after tuning procedure 
completes translates into a limited output valid window drift (ATop). The Host designer should take 
into consideration this drift, and design correctly to avoid being affected by this drift. 

It is good practice to activate tuning procedure after sleep. 

Host can use different techniques to overcome temperature effect (include reducing operating 
frequency). 
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6.7.4 Bus Timing Specification in DDR50 Mode 


6.7.4.1 Clock Timing 

Figure 6-19 shows clock signal timing and Table 6-15 shows required values of this timing. Clock timing 
is requirement for the host. tc_x is used to define rise / fall timing. Rise and fall time shall be less than 
0.2* terk. SDCLK input shall satisfy the clock timing over all variable conditions, and is measured as 
close as possible to SD socket pins to the card while CMD and DAT[3:0] are in quiet state (not 
toggling). Mu denote Viu(min.) and Vu denotes V\_(max.) in Figure 6-13. 


Symbol a Remark 
terk 50MHz (Max.), Between rising edge 
ter, tor ter, tor < 4.00ns (max.) at 50MHz, Ccoarp=10pF 
Clock Duty 


Table 6-19 : Clock Signal Timing 


CMD signal timings are not shown in Figure 6-20. For CMD signal timing refers to Figure 6-14 and 
Figure 6-16 (Timing Diagram of SDR mode). 


162 Confidential 


©Copyright 2001-2009 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Specification Version 3.00 


6.7.4.2 Bus Timing for DDR50 


Fpp 
< > 
CLK 
tisu2x | tiH2x tisuax | tiH2x 
2 PE 4 Pep: 
DAT[3:0] SEA | | Data ` Invalid 
input 
Jr ma e LJ (max) > 
| toDLY2x (min) i i tODLY2x (min) 
DAT[3:0] 
output 


4 A 


In DDR50 mode, DAT[3:0] lines are sampled on both 
edges of the clock (not applicable for CMD line) 


Available timing window 
for card output transition 


Available timing window 


for host to sample data 
from card 


Figure 6-20 : Timing Diagram DAT Inputs/Outputs Referenced to CLK in DDR50 Mode 
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Parameter 
Input CMD (referenced to CLK rising edge) 


Remark 


Input set-up time 


tisu 


Ccarn< 10 pF (1 card) 


Input hold time 


tin 


Ccarn< 10 pF (1 card) 


Output CMD (referenced to CLK rising edge) 


Output Delay time during Data Transfer Mode 


topy 


Cı < 30 pF (1 card) 


Output hold time 


ton 


C> 15pF (1 card) 


Inputs DAT (referenced to CLK rising and falling edges) 


Input set-up time 


Das, 


Ccarn< 10 pF (1 card) 


Input hold time 


tox 


Ccarn< 10 pF (1 card) 


Outputs DAT (referenced to CLK rising and fall 


ing edges) 


Output Delay time during Data Transfer Mode 


topLy2x 


Cı < 25 pF (1 card) 


Output hold time 


topLy2x 


CL 2 15pF (1 card) 


Table 6-20 : Bus Timings — Parameters Values (DDR50 mode) 
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7. SPI Mode 


7.1 Introduction 

The SPI mode consists of a secondary communication protocol that is offered by Flash-based SD 
Memory Cards. This mode is a subset of the SD Memory Card protocol, designed to communicate with 
a SPI channel, commonly found in Motorola's (and lately a few other vendors’) microcontrollers. The 
interface is selected during the first reset command after power up (CMDO) and cannot be changed 
once the part is powered on. 

The SPI standard defines the physical link only, and not the complete data transfer protocol. The SD 
Memory Card SPI implementation uses a subset of the SD Memory Card protocol and command set. 
The advantage of the SPI mode is the capability of using an off-the-shelf host, hence reducing the 
design-in effort to minimum. The disadvantage is the loss of performance of the SPI mode versus SD 
mode (e.g. Single data line and hardware CS signal per card). 


7.2 SPI Bus Protocol 


While the SD Memory Card channel is based on command and data bit streams that are initiated by a 
start bit and terminated by a stop bit, the SPI channel is byte oriented. Every command or data block is 
built of 8-bit bytes and is byte aligned to the CS signal (i.e. the length is a multiple of 8 clock cycles). 
The card starts to count SPI bus clock cycle at the assertion of the CS signal. Every command or data 
token shall be aligned to 8-clock cycle boundary. 

Similar to the SD Memory Card protocol, the SPI messages consist of command, response and data- 
block tokens. All communication between host and cards is controlled by the host (master). The host 
starts every bus transaction by asserting the CS signal low. 

The selected card always responds to the command as opposed to the SD mode. 

When the card encounters a data retrieval problem in a read operation, it will respond with an error 
response (which replaces the expected data block) rather than by a timeout as in the SD mode. 
Additionally, every data block sent to the card during write operations will be responded with a data 
response token. 

In the case of a Standard Capacity Memory Card, a data block can be as big as one card write block 
and as small as a single byte. Partial block read/write operations are enabled by card options specified 
in the CSD register. 

In the case of a High Capacity SD Memory Card, the size of data block is fixed to 512 bytes. The block 
length set by CMD16 is only used for CMD42 and not used for memory data transfer. So, partial block 
read/write operations are also disabled. Furthermore, Write Protected commands (CMD28, CMD29 and 
CMD30) are not supported. 
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Power on 
\ In SD Bus mode 
from any state except Inactive 


~. 


It is mandatory for the host compliant to 
Physical Spec Version 2.00 to send CMD8 


Non 
supported 


y voltage range Jg. Not Mandatory to send CMD58: 
Host shall refrain from 1 CMD58 T Though it is recommended 
accessing this card J~ H to be done in order to get the 
» READ OCA) i supported voltage range of the card. 
e card returns busy(1) 


Not valid command 


Not SD Memory Card 


Host shall issue CMD58 to get 
card capacity information(CCS). 


data-transfer mode 
(*1) Note: Card returns busy when 
- Card executes internal initialization process. 
- If the card is High capacity SD Memory Card, there are 2 cases 
1. CMD8 was not issued before ACMD41 
2. ACMD41 is issued with HCS=0 


(*2) Note: 2.1mm SD Memory Card can be initialized using CMD1 and Thin (1.4mm) SD Memory Card can be initialized using CMD1 only after 
firstly initialized by using CMDO and ACMD41. In any of the cases CMD1 is not recommended because it may be difficult for the host 
to distinguish between MultiMediaCard and SD Memory Card. 

If the SD card is initialized by CMD1 and the host treat it as MMC card, not SD card, the Data of the card may be damaged because of 
wrong interpretation of CSD and CID registers. 


Figure 7-1 : SD Memory Card State Diagram (SPI mode) 


7.2.1 Mode Selection and Initialization 
The SD Card is powered up in the SD mode. It will enter SPI mode if the CS signal is asserted 
(negative) during the reception of the reset command (CMDO). If the card recognizes that the SD mode 
is required it will not respond to the command and remain in the SD mode. If SPI mode is required, the 
card will switch to SPI and respond with the SPI mode R1 response. 
The only way to return to the SD mode is by entering the power cycle. In SPI mode, the SD Card 
protocol state machine in SD mode is not observed. All the SD Card commands supported in SPI mode 
are always available. 
Figure 7-2 shows the initialization sequence of SPI mode. 
SEND_IF_COND (CMD8) is used to verify SD Memory Card interface operating condition. The 
argument format of CMD8 is the same as defined in SD mode and the response format of CMD8 is 
defined in Section 7.3.2.6. The card checks the validity of operating condition by analyzing the 
argument of CMD8 and the host checks the validity by analyzing the response of CMD8. The supplied 
voltage is indicated by VHS filed in the argument. The card assumes the voltage specified in VHS as 
the current supplied voltage. Only 1-bit of VHS shall be set to 1 at any given time. Check pattern is used 
for the host to check validity of communication between the host and the card. 
If the card indicates an illegal command, the card is legacy and does not support CMD8. If the card 
supports CMD8 and can operate on the supplied voltage, the response echoes back the supply voltage 
and the check pattern that were set in the command argument. 
If VCA in the response is set to 0, the card cannot operate on the supplied voltage. If check pattern is 
not matched, CMD8 communication is not valid. In this case, it is recommended to retry CMD8 
sequence. 
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Power-on 


CMDO+ 
CS Asserted("0") 


Not Mandatory to send CMD58: Illegal Command 
Though it is recommended 
to be done in order to get 


the supported voltage range Ver1.X SD Memory Card Ver2.00 or later 
of the card. or Not SD Memory Card SD Memory Card 


CMD8 Card returns response 


without illegal command 


Non-compatible voltage range 
or check pattern error 
Cards with non 
compatible voltage Unusable 
a Ën Card 
| Compatible voltage range 
a I Fr Card with compatible, and check pattern is correct 
Voltage range 


Illegal Command 


p= —— Zi ag 


I CMD58 l > orng 
I (READ OCR) | \ a 
i ( ) i NG 


Card returns Å. um Cards with non compatible voltage range 
'in idle state'=1 


ACMD41 
with HCS=0or1 


Card returns 
'in idle state'=1 


If host supports 
high capacity, 
HCS is setto 1 


Not SD Memory Card 


Card returns 
‘in_idle_state=0' 


| Gard returns 
CMD58 'in idle state'=0 
(Get CCS) 


cosa ] 


| Ver2.00 or later \ 


Ver1.X Ver2.00 or later | High Capacity or \ 
Standard Capacity | Standard Capacity ` Extended Capacity 


SD Memory Card ` SD Memory Card SD Memory Card 


Figure 7-2: SPI Mode Initialization Flow 


READ_OCR (CMD58) is designed to provide SD Memory Card hosts with a mechanism to identify 
cards that do not match the Vpp range desired by the host. If the host does not accept voltage range, it 
shall not proceed further initialization sequence. The levels in the OCR register shall be defined 
accordingly (See Chapter 5.1). 

SD SEND OP COND (ACMD141) is used to start initialization and to check if the card has completed 
initialization. It is mandatory to issue CMD8 prior to the first ACMD41. Receiving of CMD8 expands the 
CMD58 and ACMD41 function; HCS (High Capacity Support) in the argument of ACMD41 and CCS 
(Card Capacity Status) in the response of CMD58. HCS is ignored by the card, which didn't accept 
CMD8. Standard Capacity SD Memory Card ignores HCS. The "in idle state" bit in the R1 response of 
ACMD41 is used by the card to inform the host if initialization of ACMD41 is completed. Setting this bit 
to "1" indicates that the card is still initializing. Setting this bit to "0" indicates completion of initialization. 
The host repeatedly issues ACMD41 until this bit is set to "0". The card checks the HCS bit in the OCR 
only at the first ACMD41. While repeating ACMD41, the host shall not issue another command except 
CMDO. 

After initialization is completed, the host should get CCS information in the response of CMD58. CCS is 
valid when the card accepted CMD8 and after the completion of initialization. CCS=1 means that the 
card is a High Capacity SD Memory Card. CCS=0 means that the card is a Standard Capacity SD 
Memory Card. 
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7.2.2 Bus Transfer Protection 
Every SD Card command transferred on the bus is protected by CRC bits. In SPI mode, the SD 
Memory Card offers a CRC ON mode which enables systems built with reliable data links to exclude the 
hardware or firmware required for implementing the CRC generation and verification functions. 
In the CRC OFF mode, the CRC bits of the command are defined as dont care' for the transmitter and 
ignored by the receiver. 
The SPI interface is initialized in the CRC OFF mode in default. However, the RESET command 
(CMDO) that is used to switch the card to SPI mode, is received by the card while in SD mode and, 
therefore, shall have a valid CRC field. 
Since CMDO has no arguments, the content of all the fields, including the CRC field, are constants and 
need not be calculated in run time. A valid reset command is: 

0x40, 0x0, 0x0, 0x0, 0x0, 0x95 

After the card is put into SPI mode, CRC check for all commands including CMDO will be done 
according to CMD59 setting. 
The host can turn the CRC option on and off using the CRC ON OFF command (CMD59). Host should 
enable CRC verification before issuing ACMD41. 
The CMD8 CRC verification is always enabled. The Host shall set correct CRC in the argument of 
CMD8. If CRC error is detected, card returns CRC error in R1 response regardless of command index. 


7.2.3 Data Read 
The SPI mode supports single block read and Multiple Block read operations (CMD17 or CMD18 in the 
SD Memory Card protocol). Upon reception of a valid read command the card will respond with a 
response token followed by a data token (refer to Figure 7-3). In case of Standard Capacity Card, the 
size in the data token is determined by the block length set by SET BLOCKLEN (CMD16). In the case 
of a High Capacity Card, the data size in the data token for is fixed to 512 Bytes regardless of the block 
length set by CMD16. 


from from data from card Next 


host card to host Command We? 
to a ON to host 


Dataln 


DataOut 


Figure 7-3: Single Block Read Operation 


A valid data block is suffixed with a 16-bit CRC generated by the standard CCITT polynomial 
x84. 124-544 i 

The maximum block length is given by 512 Bytes regardless of READ BL LEN, defined in the CSD. If 
partial block access is enabled in Standard Capacity Card (i.e. the CSD parameter READ BL PARTIAL 
equals 1), the block length can be any number between 1 and 512 Bytes. The start address can be any 
byte address in the valid address range of the card. Every block, however, shall be contained in a single 
physical card sector. 

If partial block access is disabled, only 512-Byte data length is supported. 

The High Capacity SD Memory Card only supports 512-byte block length. The start address shall be 
aligned to the block boundary. 
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In the case of a data retrieval error, the card will not transmit any data. Instead, a special data error 
token will be sent to the host. Figure 7-4 shows a data read operation that terminated with an error 
token rather than a data block. 


from data error token Next 


host from card to host diir, EC 
to TN 
me SE TE [command | 


DataOut tite Std Sea ES Sed Mr 


Figure 7-4: Read Operation - Data Error 
In the case of a multiple block read operation every transferred block has its suffix of 16-bit CRC. 
Stop transmission command (CMD12) will actually stop the data transfer operation (the same as in SD 
Memory Card operation mode). 


from from data from card Stop Trans- from 
host card to host mission card 
to a to host Command KE to host 
Datan -| Command bat EES ae WEE dE 
DataOut response data block |ICRO: | data blockCRC | response 
p 


Figure 7-5: Multiple Block Read Operation 


7.2.4 Data Write 


The SPI mode supports single block and multiple block write commands. Upon reception of a valid write 
command (CMD24 or CMD25 in the SD Memory Card protocol), the card will respond with a response 
token and will wait for a data block to be sent from the host. CRC suffix, block length and start address 
restrictions are (with the exception of the CSD parameter WRITE_BL_PARTIAL controlling the partial 


block write option and WRITE_BL_LEN) identical to the read operation (see Figure 7-6). 
Start 


new command 
from host 


from 
host 
to cord et 


DataOut response 


Figure 7-6: Single Block Write Operation 


Every data block has a prefix of 'Start Block' token (one byte). 

After a data block has been received, the card will respond with a data-response token. If the data block 
has been received without errors, it will be programmed. As long as the card is busy programming, a 
continuous stream of busy tokens will be sent to the host (effectively holding the DataOut line low). 
Once the programming operation is completed, the host should check the results of the programming 
using the SEND STATUS command (CMD13). Some errors (e.g. address out of range, write protect 
violation etc.) are detected during programming only. The only validation check performed on the data 
block, and communicated to the host via the data-response token, is the CRC and general Write Error 
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indication. 

In a Multiple Block write operation, the stop transmission will be done by sending 'Stop Tran’ token 
instead of 'Start Block' token at the beginning of the next block. In case of Write Error indication (on the 
data response) the host shall use SEND NUM WR BLOCKS (ACMD22) in order to get the number of 
well written write blocks. The data tokens description is given in Chapter 7.3.3.2. 


Start 


Block 
new command 


from from Token data from Data 
hos card host response and from host 
to a ON to host to card busy from 
card 
Sabai commana wea oes (es E A. See Eeer 


DataOut 


Figure 7-7: Multiple Block Write Operation 


While the card is busy, resetting the CS signal will not terminate the programming process. The card will 
release the DataOut line (tri-state) and continue with programming. If the card is reselected before the 
programming is finished, the DataOut line will be forced back to low and all commands will be rejected. 
Resetting a card (using CMDO for SD memory card) will terminate any pending or active programming 
operation. This may destroy the data formats on the card. It is in the responsibility of the host to prevent 
this for occurring. 


7.2.5 Erase & Write Protect Management 
The erase and write protect management procedures in the SPI mode are identical to those of the SD 
mode. While the card is erasing or changing the write protection bits of the predefined sector list, it will 
be in a busy state and hold the DataOut line low. Figure 7-8 illustrates a no data bus transaction with 
and without busy signaling. 


from from from from 
host card host card 
to an A to host to MN to host 
Pr e 
DataOut............------- response | response busy SE dEr 


Figure 7-8: 'No data' Operations 
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7.2.6 Read CID/CSD Registers 

Unlike the SD Memory Card protocol (where the register contents is sent as a command response), 
reading the contents of the CSD and CID registers in SPI mode is a simple read-block transaction. The 
card will respond with a standard response token (see Figure 7-3) followed by a data block of 16 bytes 
suffixed with a 16-bit CRC. 

The data timeout for the CSD command cannot be set to the cards TAAC since this value is stored in 
the card's CSD. Therefore, the standard response timeout value (Ncr) is used for read latency of the 
CSD register. 


7.2.7 Reset Sequence 

The SD Memory Card requires a defined reset sequence. The card enters an idle state after power on 
reset or reset command (CMDO for SD memory card). In this state, the only valid host commands are 
CMD8 (SEND_IF_COND), ACMD41 (SD_SEND_OP_COND), CMD58 (READ_OCR) and CMD59 
(CRC_ON_OFF). 

For the Thick (2.1 mm) SD Memory Card - CMD1 (SEND_OP_COND) is also valid - this means that in 
SPI mode, CMD1 and ACMD41 have the same behaviors, but the usage of ACMD41 is preferable since 
it allows easy distinction between an SD Memory Card and a MultiMediaCard. For the Thin (1.4 mm) 
Standard Size SD Memory Card, CMD1 (SEND_OP_COND) is an illegal command during the 
initialization that is done after power on. After Power On, once the card has accepted valid 
ACMD471, it will be able to also accept CMD1 even if used after re-initializing (CMDO) the card. It 
was defined in such way in order to be able to distinguish between a Thin SD Memory Card and a 
MultiMediaCard (that supports CMD1 as well). 


7.2.8 Error Conditions 
Unlike the SD Memory Card protocol, in the SPI mode, the card will always respond to a command. The 
response indicates acceptance or rejection of the command. Acommand may be rejected in any one of 
the following cases: 
- It is sent while the card is in read operation (except CMD12 which is legal). 
- It is sent wile the card is in Busy. 
- Card is locked and it is other than Class 0 or 7 commands. 
- It is not supported (illegal opcode). 
- CRC check failed. 
- It contains an illegal operand. 
- It was out of sequence during an erase sequence. 
Note that in case the host sends command while the card sends data in read operation then the 
response with an illegal command indication may disturb the data transfer. 


7.2.9 Memory Array Partitioning 
Same as for SD mode. 


7.2.10 Card Lock/Unlock 
Usage of card lock and unlock commands in SPI mode is identical to SD mode. In both cases, the 
command is responded to with an R1b response type. After the busy signal clears, the host should 
obtain the result of the operation by issuing a SEND STATUS command (CMD13). Refer to Chapter 
4.3.7 for details. 


7.2.11 Application Specific Commands 
Identical to SD mode with the exception of the APP_CMD status bit (refer to Table 4-38), which is not 
available in SPI. 
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7.2.12 Content Protection Command 
All the special Content Protection ACMDs and security functionality is the same as for SD mode. 


7.2.13 Switch Function Command 
Same as for SD mode with two exceptions: 
e The command is valid under the "not idle state". 
e The switching period is within 8 clocks after the end bit of the R1 response of CMDO. 


7.2.14 High Speed Mode 
Same as for SD mode. 


7.2.15 Speed Class Specification 
As opposed to SD mode, the card cannot guarantee its Speed Class. In SPI mode, host shall treat the 
card as Class 0 no matter what Class is indicated in SD Status. 
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7.3 SPI Mode Transaction Packets 
7.3.1 Command Tokens 


7.3.1.1 Command Format 

All the SD Memory Card commands are 6 bytes long. The command transmission always starts with 
the left most bit of the bit string corresponding to the command codeword. All commands are protected 
by a CRC (see Chapter 4.5). The commands and arguments are listed in Table 7-3. 


Bit position [47 Joe ` maan 9:8] (ru o > 
Width (bits) 1" e e kr 


vawe [Ot kk P 
Description [star bi CRT 


Table 7-1: Command Format 


7.3.1.2 Command Classes 

As in SD mode, the SPI commands are divided into several classes (See Table 7-2). Each class sup- 
ports a set of card functions. ASD Memory Card will support the same set of optional command classes 
in both communication modes (there is only one command class table in the CSD register). The 
available command classes, and the supported command for a specific class, however, are different in 
the SD Memory Card and the SPI communication mode. 

Note that except for the classes that are not supported in SPI mode (class 1, 3 and 9), the mandatory 
required classes for the SD mode are the same for the SPI mode. 


Card BE Class 
(CCC 


Supported class reser | block | reser - 
commands | description ved |read |ved - 


cmoo [Mandatory | + | | I I | 
mot [Mandatory | + | | I I | 
os — [option | | | | | | 
oe [Mandatory | | | 1 1 
oe [Mandatory | + | | I I | 
o [Mandatory | + | | | I | 
og [Mandatory | + | | | I | 
oz ween | + | | 1 IT 
oz [Mandatory | + | | I I | 
og [Mandatory |__| | * | [| | GT ||| — 
cmo [Mandatory LJ * [|| ||| || 
ous [Mandatory |__| [+ | | | ||| ||| — 
cmo [meno | | | [| ||| ||| — 
ous [manso | | | 11 TITT 

oz [menso | | [1+] | Tr 1. | — 
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Card Command Class 7 
(CCC) 


Supported class reser | block | reser - . {VO reser 
commands | description ved |read |ved - _ |mode ved 


CDS Optional | | | S| 1 P fef JP T f 
emp2g [opion | | | I P P f+ JP T [f 
emp30 Jeton | | PI Po T fef C II, 
emps2 [Mandatory] | | I 1 fr] UP T T JG 
|CMD33_|Mandatory’| | | I 1 tef JJ T f f | 
emp34-37? [opion | | | IT PPT fe | 
|CMD38_|Mandatory’| | | 1 1 tef JPP f | 
emp4z" mae | | PT Tip Je PT TG 
empso? Optional | | | | | PPT T Teef | 
CMDSZ [opion | | PI PP PP PPT 
empså [opion | | | I TY PP PP TG 
empss Mandatory | | | I P PJ Jeff T [f | 
emps6 |Mandatoy | | | I 1 PJ ù f Jer T TJ 
CNDS Optional | | | | F C f T PP 
emps8 [Mandatory | + | | | | {| PP 
|cMD59__|Mandatory | + | | | | { | TÒ TT [f | 
mempe [Mandatory | | | S| 1 TCT f lef T f | 
ACMD13 [Mandatory | | I 1 PP Jer T [f | 
memp22 vegan"! | | III III T f | 
|ACMD23__|Mandatory’| | | | P JP f lef T f | 
AcmD41 [Mandatory TC 
AcmD42 [Mandatory | | J 1 1 P PP def T f | 
jacmDS1_|Mandatoy | | | Ù Ò TLL +f Ù Ù | 


Note (1): The commands related write and erase are mandatory only for the Writable types of Cards. 
Note (2): This command was defined in spec version 1.10 

Note (3): This command is newly defined in version 2.00 

Note (4): This command is optional in Version 1.01 and 1.10 and mandatory from Version 2.00 


Table 7-2: Command Classes in SPI Mode 
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7.3.1.3 Detailed Command Description 

The following table provides a detailed description of the SPI bus commands. The responses are 
defined in Chapter 7.3.2. Table 7-3 lists all SD Memory Card commands. A "yes" in the SPI mode 
column indicates that the command is supported in SPI mode. With these restrictions, the command 
class description in the CSD is still valid. If a command does not require an argument, the value of this 
field should be set to zero. The reserved commands are reserved in SD mode as well. 

The binary code of a command is defined by the mnemonic symbol. As an example, the content of the 
command index field is (binary) '000000' for CMDO and '100111' for CMD39. 

The card shall ignore stuff bits and reserved bits in a argument. 

New commands defined in SD mode are not supported in SPI mode. The card may respond these 
commands in SPI mode but host should not use them. 


CMD SPI SC Se 


CMDO [31:0] stuff bits GO IDLE STATE | Resets the SD Memory Card 


CMD) Yes' |[31]Reserved bit |R1 SEND_OP_ Sends host capacity support 
[30]HCS COND information and activates the card's 
[29:0]Reserved initialization process. 
bits HCS is effective when card receives 
SEND_IF_COND command. 
Reserved bits shall be set to '0". 


CMD [o | 
CMD No | 
CMD [o FP O OE 


CMD5 Reserved for I/O Mode (refer to the "SDIO Card Specification") 


CMD6* Yes |[31] Mode R1 SWITCH FUNC |Checks switchable function (mode 0) 
0:Check function and switches card function (mode 1). 
1:Switch function See Chapter 4.3.10. 
[30:24] reserved 
(All '0') 

[23:20] reserved 
for function group 
6 (All '0' or OxF) 
[19:16] reserved 
for function group 
5 (All '0' or OxF) 
[15:12] reserved 
for function group 
4 (All '0' or OxF) 
[11:8] reserved 
for function group 
3 (All '0' or OxF) 
[7:4] function 
group 2 for 
command system 
[3:0] function 
group 1 for access 
mode 


em | pp 
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CMD SPI wee are 


CMD8° Yes |[31:12]Reserved R7 SEND_IF_COND | Sends SD Memory Card interface 
bits condition that includes host supply 

[11:8]supply voltage information and asks the 

voltage(VHS) accessed card whether card can 
[7:0]check pattern operate in supplied voltage range. 

Reserved bits shall be set to 0, 


CMD9 Yes |[31:0] stuff bits SEND_CSD Asks the selected card to send its 
card-specific data (CSD) 

CMD10 Yes  |[81:0] stuff bits R1 SEND CID Asks the selected card to send its 
—— 38 identification av e 


CMD11 
CMD12 Yes EE 0] stuff bits aa eg SSE IESE the card to stop transmission 
TRANSMISSION vin Multiple Block Read Operation 
CMD13 Yes —1[31:0] stuff bits R2 |SEND STATUS [Asks the selected card to send its sta- 
tus a ses 


ICMD14 | reserved ees 


os [me | | [7 CSCS 


CMD16 Yes —1[31:0] block length |R1 SET_BLOCKLEN | Sets a block length (in bytes) for all 
following block commands (read and 
write)? of a Standard Capacity Card. 
Block length of the read and write 
commands are fixed to 512 bytes ina 
High Capacity Card. The length of 
LOCK_UNLOCK command is set by 
this command in both capacity cards. 


CMD17 [31:0] data READ SINGLE |Reads a block of the size selected by 
address"? BLOCK the SET BLOCKLEN command.3 
CMD18 Yes |[81:0] data R1 READ MULTIPL |Continuously transfers data blocks 
address”? E | BLOCK from card to host until interrupted by a 
STOP_TRANSMISSION command. 


ICMD19 ` 9 reserved 


Men Noy TT 


CMD21... 

CMD23 reserved 

CMD24 Yes |[81:0] data R1 WRITE BLOCK —|Writes a block of the size selected by 
address”? the SET BLOCKLEN command.* 

CMD25 Yes |[31:0] data R1 WRITE MULTIPL | Continuously writes blocks of data 
address” E | BLOCK until 'Stop Tran' token is sent (instead 

REE VJ CE ENE Block’). 
CMD26 


CMD27 Yes ss :0] stuff bits EE Geesse of the programmable 
bits of the CSD. 
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SPI 
il Dun ` 

[31:0] data SET_WRITE_ If the card has write protection fea- 

address PROT tures, this command sets the write 
protection bit of the addressed group. 
The properties of write protection are 
coded in the card specific data 
(WP_GRP_SIZE). 
The High Capacity Card does not 
support this command. 


[31:0] data R1b° CLR_WRITE_ If the card has write protection fea- 

address PROT tures, this command clears the write 
protection bit of the addressed group. 
The High Capacity Card does not 
support this command. 


CMD 
INDEX 


[31:0] write protect |R SEND_WRITE__ [If the card has write protection fea- 
data address PROT tures, this command asks the card to 
send the status of the write protection 
bits.* The High Capacity Card does 
not support this command. 


CMD31 TE 


DO | EE 0] data GE | WR BL RULE the address of the first write 
[est SI Re ADDR E to be erased. 


[31:0] data ERASE WR BL |Sets the address of the last write 
address"? K END ADDR ` (bock of the continuous range to be 
erased. 


Reserved for each command system set by switch function command (CMD6). 
Refer to each command system specification for more detail. 


Se [31:0] stuff bits R1b° | ERASE Erases all previously selected write 
blocks 


| Ow MF 
A YO ee eee 
Reserved 


Yes |[31:0] Reserved/R1 LOCK_UNLOCK | Used to Set/Reset the Password or 
bits (Set all 0) lock/unlock the card. A transferred 
data block includes all the command 
details - refer to Chapter 4.3.7. The 
size of the Data Block is defined with 
SET_BLOCK_LEN command. 
Reserved bits in the argument and in 
SES Card Data Structure shall be set to 


CMD43-49 |reserved 
CMD51 
CMD50* Reserved for each command system set by switch function command (CMD6). 


Refer to each command system specification for more detail. 
Reserved for I/O Mode (refer to the "SDIO Card Specification") 


O CO CO 
= = = 
g U U 
CO N N 
ro) © co 


CMD34-37° 


CO O 
z 
U 
Ga o 
Ki w 


ojo 
<|= 
og 
5| 
ojo 
Oo 


ite 
== 
o|o 
AJA 
BO] sch 


CMD52-54 
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CMD58 Yes —1[31:0] stuff bits R3 READ OCR Reads the OCR register of a card. 
CCS bit is assigned to OCR[30]. 
CMD59 Yes |[31:1] stuff bits R1 CRC ON OFF |Turns the CRC option on or off. A '1' in 
[0:0] CRC option the CRC option bit will turn the option 
on, a '0' will turn it off 


| CMD60-63 | 63 |Reserved For Manufacturer 


CMD SPI wee are 


CMD55 Yes  |[81:0] stuff bits R1 APP_CMD Defines to the card that the next com- 
mand is an application specific com- 
mand rather than a standard 
command 


CMD56 [31:1] stuff bits. 


30:00 


Used either to transfer a Data Block to 
the card or to get a Data Block from 
the card for general 
purpose/application specific 
commands. In case of Standard 
Capacity SD Memory Card, the size of 
the Data Block shall be defined with 
SET BLOCK LEN command. Block 
length of this command is fixed to 
512-byte in High Capacity Card. 
Reserved for each command system set by switch function command (CMD6). 

Refer to each command system specification for more detail. 


[0]: RD/WR’ 


CMD1 is valid command for the Thin (1.4mm) Standard Size SD Memory Card only if used after re-initializing a card 
(not after power on reset). 

The default block length is as specified in the CSD. 

The data transferred shall not cross a physical block boundary unless READ BLK MISALIGN is set in the CSD. 
The data transferred shall not cross a physical block boundary unless WRITE BLK MISALIGN is set in the CSD. 
R1b: R1 response with an optional trailing busy signal 

32 write protection bits (representing 32 write protect groups starting at the specified address) followed 
by 16 CRC bits are transferred in a payload format via the data line. The last (least significant) bit of the 
protection bits corresponds to the first addressed group. If the addresses of the last groups are outside 
the valid range, then the corresponding write protection bits shall be set to zero 

RD/WR_: "1" the Host shall get a block of data from the card. 


"0" the host sends block of data to the card. 
This command was added in spec version 1.10 
This command is added in spec version 2.00 


. The unit of "data address" in argument is byte for Standard Capacity SD Memory Card and block (512 bytes) for 


High Capacity SD Memory Card. 
Table 7-3: Commands and Arguments 
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The following table describes all the application specific commands supported/reserved by the SD 
Memory Card. All the following commands shall be preceded with APP_CMD (CMD55). 


CMD SPI Saye GR 


acme [No | | 


ACMD13 wes |[31:0] stuff bits |R2 SD STATUS Send the SD Status. The status 
fields are given in Table 4-40 


ACMD17 reserved 


ACMD18 —|yes Reserved for SD security 
applications1 


ACMD19- |reserved 
ACMD21 


ACMD22 wes [31:0] stuff bits |R1 SEND NUM WR |Send the numbers of the well written 
BLOCKS (without errors) blocks. Responds 
with 32-bit+CRC data block. 
ACMD23 wes [31:23] stuff bits |R1 SET WR BLK Set the number of write blocks to be 
[22:0]Number of ERASE COUNT |pre-erased before writing (to be used 
blocks for faster Multiple Block WR com- 
mand). "1"=default (one wr block)”. 


ACMD24 reserved 

ACMD25 —|yes Reserved for SD security 
applications’ 

ACMD26 yes Reserved for SD security 
applications" 

ACMD38 —|yes Reserved for SD security 
applications’ 


ACMD41 |Yes |[31]Resetved bit "Ri SD SEND OP |Sends host capacity support 
[30]HCS COND information and activates the card's 
[29:0]Reserved initialization process. Reserved bits 


bits shall be set to '0' 


[31:1] stuff bits SET CLR CARD | Connect[1]/Disconnect[0] the 50 
[O]set cd DETECT KOhm pull-up resistor on CS (pin 1) 


of the card. The pull-up may be used 
for card detection. 

ACMD43- |yes 

ACMD49 

ACMD51_ |yes [31:0] staff bits |R1 SEND_SCR Reads the SD Configuration 

Register (SCR). 


Reserved for SD security 
applications’ 
(1) Refer to the "Part3 Security Specification" for detailed explanation about the SD Security Features 


(2) Stop Tran Token shall be used to stop the transmission in Write Multiple Block whether the pre-erase (ACMD23) feature 
is used or not. 


Table 7-4: Application Specific Commands used/reserved by SD Memory Card - SPI Mode 
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7.3.1.4 Card Operation for CMD8 in SPI mode 
In SPI mode, the card always returns response. Table 7-5 shows the card operation for CMD8. 


Command Argument Check Response of Card *1 


Reserved VHS Pattern Reserved VCA Pattern 


Don't Care Don't Care | Don't Care (R1 only) 


Don't Care Don't Care Don't Care | Don't Care nds on command index 
Don't Care |Mismatch *2| Don't Care | Correct 0 0 
Don't Care Match *2 | Don'tCare | Correct 0 Echo Back 


*1: Response indicates the actual response that the card returns. (It does not include errors during transfer response.) 
*2: Match means AND of following condition a) and b). 'Mismatch' is other cases. 

a) Only 1 bit is set to '1' in VHS. 

b) The card supports the host supply voltage. 


Table 7-5: Card Operation for CMD8 in SPI Mode 
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7.3.2 Responses 
There are several types of response tokens. As in SD mode, all are transmitted MSB first. 
Multiple bytes responses are defined in SPI mode but the card outputs only first byte (equivalent to R1) 
when Illegal Command Error or Command CRC Error is indicated in it. In this case, host never reads as 
the multiple bytes of response. 


7.3.2.1 Format R1 


This response token is sent by the card after every command with the exception of SEND_STATUS 
commands. It is one byte long, and the MSB is always set to zero. The other bits are error indications, 
an error being signaled by a 1. The structure of the R1 format is given in Figure 7-9. The meaning of the 
flags is defined as following: 


e In idle state: The card is in idle state and running the initializing process. 


e Erase reset: An erase sequence was cleared before executing because an out of erase sequence 
command was received. 


e Illegal command: An illegal command code was detected. 

e Communication CRC error: The CRC check of the last command failed. 

e Erase sequence error: An error in the sequence of erase commands occurred. 

e Address error: A misaligned address that did not match the block length was used in the command. 


e Parameter error: The command's argument (e.g. address, block length) was outside the allowed 
range for this card. 


7 0 
fo ac Me a EN 
— in idle state 

erase reset 

illegal command 
com crc error 
erase sequence error 
address error 
parameter error 
Figure 7-9: R1 Response Format 


7.3.2.2 Format R1b 


This response token is identical to the R1 format with the optional addition of the busy signal. The busy 
signal token can be any number of bytes. A zero value indicates card is busy. A non-zero value 
indicates the card is ready for the next command. 
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7.3.2.3 Format R2 


This response token is two bytes long and sent as a response to the SEND_STATUS command. The 
format is given in Figure 7-10. 


1. Byte 2. Byte 
0 7 0 


— Card is locked 
wp erase skip | lock/unlock cmd failed 
error 


CC error 

card ecc failed 

wp violation 

erase param 

out of range | csd overwrite 
in idle state 

erase reset 

illegal command 
com crc error 

erase sequence error 
address error 
parameter error 
Figure 7-10: R2 Response Format 


ol | 


The first byte is identical to the response R1. The content of the second byte is described in the fol- 

lowing: 

e Erase param: An invalid selection for erase, sectors or groups. 

e Write protect violation: The command tried to write a write-protected block. 

e Card ECC failed: Card internal ECC was applied but failed to correct the data. 

e CC error: Internal card controller error. 

e Error: A general or an unknown error occurred during the operation. 

e Write protect erase skip | lock/unlock command failed: This status bit has two functions over- 
loaded. It is set when the host attempts to erase a write-protected sector or makes a sequence or 
password errors during card lock/unlock operation. 

e Card is locked: Set when the card is locked by the user. Reset when it is unlocked. 
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7.3.2.4 Format R3 

This response token is sent by the card when a READ OCR command is received. The response 
length is 5 bytes (see Figure 7-11). The structure of the first (MSB) byte is identical to response type 
R1. The other four bytes contain the OCR register. 


39 3231 0 


of |] | 


| 
RI OCR 
Figure 7-11: R3 Response Format 


7.3.2.5 Formats R4 & R5 
Those response formats are reserved for I/O mode (refer to the "SDIO Card Specification"). 


7.3.2.6 Format R7 

This response token is sent by the card when a SEND_IF_COND command (CMD8) is received. The 
response length is 5 bytes. The structure of the first (MSB) byte is identical to response type R1. The 
other four bytes contain the card operating voltage information and echo back of check pattern in 
argument and are specified by the same definition as R7 response in SD mode. (Refer to Section 4.9). 


O Q 3 o 
el TT TET lo TI | roe | 
|__| — check pattern 


R1 voltage accepted 
reserved bits 
command version 


Figure 7-12: R7 Response Format 
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7.3.3 Control Tokens 
Data block transfer is controlled by some tokens. 


7.3.3.1 Data Response Token 
Every data block written to the card will be acknowledged by a data response token. It is one byte long 
and has the following format: 


vo92 H210 


xlx| x] 0 status] 1 


The meaning of the status bits is defined as follows: 

'010' - Data accepted. 

'101' - Data rejected due to a CRC error. 

'110' - Data Rejected due to a Write Error 
In case of any error (CRC or Write Error) during Write Multiple Block operation, the host shall stop the 
data transmission using CMD12. In case of a Write Error (response '110'), the host may send CMD13 
(SEND_STATUS) in order to get the cause of the write problem. ACMD22 can be used to find the 
number of well written write blocks. 


7.3.3.2 Start Block Tokens and Stop Tran Token 
Read and write commands have data transfers associated with them. Data is being transmitted or 
received via data tokens. All data bytes are transmitted MSB first. 
Data tokens are 4 to 515 bytes long and have the following format: 
For Single Block Read, Single Block Write and Multiple Block Read: 
First byte: Start Block 


76543210 


44] 4} 4} 4} 4} 4] 


Bytes 2-513 (depends on the data block length): User data 
Last two bytes: 16 bit CRC. 


For Multiple Block Write operation: 
First byte of each block: 
If data is to be transferred then - Start Block Token 


760514 (30120100 


414] 4] 4} +} sJolo 


If Stop transmission is requested - Stop Tran Token 
76543210 


DDR 


Note that this format is used only for Multiple Block Write. In case of a Multiple Block Read the stop 
transmission is performed using STOP TRAN Command (CMD12). 
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7.3.3.3 Data Error Token 
If a read operation fails and the card cannot provide the required data, it will send a data error token 
instead. This token is one byte long and has the following format: 
7 0 


010100 
— Error 
CC Error 
Card ECC Failed 


out of range 


Figure 7-13: Data Error Token 


The 4 least significant bits (LSB) are the same error bits as in response format R2. 


7.3.4 Clearing Status Bits 
As described in the previous paragraphs, in SPI mode, status bits are reported to the host in three 
different formats: response R1, response R2, and data error token (the same bits may exist in multiple 
response types - e.g. Card ECC failed) 
As in the SD mode, error bits are cleared when read by the host, regardless of the response format. 
State indicators are either cleared by reading or are cleared in accordance with the card state. 
The following table summarizes the set and clear conditions for the various status bits: 


in resp 
R2 E R X |'0'= no error The command argument was out C 
DataErr '1'= error of the allowed range for this card. 
Address error R1 R2 E R X |'0'= no error A misaligned address which did not} C 
'1'= error match the block length was used in 
the command. 
R1 R2 ER |'0'= no error An error in the sequence of erase| C 
'1'= error commands occurred. 
R2 EX |'0'= no error An error in the parameters of the} C 
'1'= error erase command sequence 
Parameter error R1 R2 E RX |'0'= no error An error in the parameters of the} C 
'1'= error command 


WP violation R2 E R X |'0'= not protected |Attempt to program a write pro-| C 
'1'= protected tected block. 
Com CRC error R1 R2 ER _ ['0'= no error The CRC check of the command C 
'1'= error failed. 
Illegal command R1 R2 ER (Uc no error Command not legal for the card) C 
'1'= error state 
Card ECC failed R2 EX |'0'= success Card internal ECC was applied but} C 
DataEr '1'= failure failed to correct the data. 
R2 E R X |'0'= no error Internal card controller error 
dataEr '1'= error 


R2 E R X |'0'= no error A general or an unknown error| C 
dataEr '1'= error occurred during the operation. 
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Identifier Jeitz Value Description 
in resp 


CSD_OVERWRITE |R2 E R X |'0'= no error Can be either of the following 
'1'= error errors: 
- The read only section of the CSD 
does not match the card content. 
- An attempt to reverse the copy 
(set as original) or permanent WP 
(unprotected) bits was made. 
WP erase skip R2 SX |'0'= not protected |Only partial address space was| C 
'1'= protected erased due to existing write pro- 
tected blocks. 
'0'= no error Sequence or password errors dur-| C 
'1'= error ing card lock/unlock operation. 


Erase reset An erase sequence was cleared 
= before executing because an out of 

erase sequence command was 
received 

In Idle state 
exit this state and become ready 
upon completion of its initialization 
procedures. 


Table 7-6: SPI Mode Status Bits 


Card is locked R2 Card is locked by a user password. 


1) Type: 
E: Error bit. 
S: State bit. 
R: Detected and set for the actual command response. 
X: Detected and set during command execution. The host can get the status by issuing a command 
with R1 response. 


2) Clear Condition: 
A: According to the current state of the card. 
C: Clear by read 


7.4 Card Registers 


In SPI mode, only the RCA register is not accessible. Formats of other registers are identical to the 
formats in the SD mode. 
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7.5 SPI Bus Timing Diagrams 


All timing diagrams use the following schematics and abbreviations: 


[Signals high (gical 7 | 
Signal is low (logical '0') 


"epes CS 


All timing values are defined in Table 7-7. The host shall keep the clock running for at least Ncp clock 


cycles after receiving the card response. This restriction applies to both command and data response 
tokens. 
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7.5.1 Command/Response 


7.5.1.1 Host Command to Card Response - Card is ready 
The following timing diagram describes the basic command response (no data) SPI transaction. 


å i ee 

DatalN [x|x ør x|x 
< Ncr -> 

Dataout ëllelnlell eooo nalala] tor2Bvesresvonse felafel 


Figure 7-14: Basic Command Response 


7.5.1.2 Host Command to Card Response - card is busy 
The following timing diagram describes the command-response transaction with the R1b response (e.g. 
SET_WRITE_PROT and ERASE). When the card is signalling busy, the host may deselect it (by raising 
the CS) at any time. The card will release the DataOut line one clock after the CS goes high. To check if 
the card is still busy, it needs to be reselected by asserting (set to low) the CS signal. The card will 
resume busy signal (pulling DataOut low) one clock after the falling edge of CS. 


te AA 
Daa ere mm 


DataOut Card Resp 


Figure 7-15: Command Response with Busy Indication (R1b) 


7.5.1.3 Card Response to Host Command 


cs 


Figure 7-16: Timing between Card Response to new Host Command 
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7.5.2 Data Read 


7.5.2.1 Timing of Single Block Read Operation 
The following timing diagram describes all single-block read operations with the exception of 
SEND_CSD and SEND_CID commands. 


Seg cnt perm Men cme OTS 


<= Ncr -> < Nac-> 


Data Block 


Figure 7-17: Read Single Block Operations - Bus Timing 


DataOut 


7.5.2.2 Stop Transmission Timing of Multiple Block Read Operation 
The following table describes Stop transmission operation in case of Multiple Block Read. 
Clock cycle between read data blocks are defined by NAC (Not shown in Figure 7-18). 
To avoid conflict between CMD12 response and next data block, timing of CMD12 should be controlled 
as follows. 
(1) SPI host should issue CMD12 at the timing that end bit of CMD12 and end bit of data block is 
overlapped. 
(2) If (1) is not possible, SPI host should wait to receive a token (Start Block Token or Data Error 
Token), and then issue CMD12 after one clock cycle from the token. 
After the last block is read in case of (2), the host receives Data Error Token by out of range error. 
However, the data block before Data Error Token can be considered as valid if it is received 


successfully. 
cam JE 
Gate [| |H]H] [ston Tran command) |b| [HH] =* ez? 
DataOut Data Transfer to host Gë Card Response 


<2clk> 


Figure 7-18: Stop Transmission in Read Multiple Block 


7.5.2.3 Reading the CSD or CID register 

The following timing diagram describes the SEND_CSD and SEND_CID command bus transactions. 
The timeout values for the response and the data block are Ncr and Ncx respectively (Since the NAC is 
still unknown). 


SNe S 


baan falala 


< Ncr -> < Nox -> 


Data Block 


Figure 7-19: Read CSD/CID - Bus Timing 


DataOut 
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7.5.3 Data Write 


7.5.3.1 Timing of Multiple Block Write Operation 

The host may deselect a card (by raising the CS) at any time during the card busy period (refer to the 
given timing diagram). The card will release the DataOut line one clock after the CS goes high. To 
check if the card is still busy, it needs to be reselected by asserting (set to low) the CS signal. 

The card will resume busy signal (pulling DataOut low) one clock after the falling edge of CS. 


Figure 7-20: Write Operation - Bus BEES 


7.5.3.2 Stop Transmission Timing of Multiple Block Write Operation 
The following figure describes stop transmission operation in Multiple Block Write transfer. 
Error occurrence after the last data response token is indicated in the response of the next command. 


CS 


Data In 


(1) The Busy may appear within NBR clocks after the Stop Tran Token. If there is no Busy signal, the host may continue 
to the next command. 


Figure 7-21: Stop Transmission in Write Multiple Block 
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7.5.4 Timing Values 


8 clock cycles 
8 clock cycles 
8 clock cycles 
8 clock cycles 
8 clock cycles 
8 clock cycles 
8 clock cycles 


8 clock cycles 


8 clock cycles 


1) The maximum read access time for a Standard Capacity SD Memory Card shall be calculated by host as follows: 


Nac(max)= 100 ((TAAC * fpp) + (100 * NSAC)) ; 
fpp is the interface clock rate and TAAC & NSAC are given in the CSD (Chapter 5.3). 
In the case of a High Capacity SD Memory Card, a fixed value (100 ms) shall be used for the maximum read access time. 


Details of read, write and erase timeout are described in 4.6.2 


Table 7-7: Timing Values 


7.6 SPI Electrical Interface 


The electrical interface is identical to SD mode with the exception of the programmable card output 
drivers option, which is not supported in SPI mode. 


7.7 SPI Bus Operating Conditions 


Bus operating conditions are identical to SD mode 


7.8 Bus Timing 


Bus timing is identical to SD mode. The timing of the CS signal is the same as any other card input. 
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Appendix A (Normative) : Reference 


A.1 Related Documentation 
e Part 1 Physical Layer Specification Version 2.00 
e Part 1 Physical Version 2.00 Supplementary Notes Version 1.00 
e Part 1 Standard Size SD Card Mechanical Addendum Version 1.00 
e Part 1 miniSD Memory Card Addendum Version 2.01 
e Part 1 microSD Memory Card Addendum Version 2.01 
e Part 2 File System Specification Version 3.00 
e Part 3 Security Specification Version 3.00 
e Part H2 Host Implementation Guideline Version 1.00 
e Part H2 Speed Class Implementation Guideline Version 1.00 
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Appendix B (Normative) : Special Terms 


B.1 Terminology 


block A number of bytes, basic data transfer unit 

broadcast A command sent to all cards on the SD bus 

Blocklen Block Length set by CMD16 

Distributed A signal path between host and card which has a distributed system 
effects. As described in transmission line theory. 

Flash A type of multiple time programmable non volatile memory 

Fixed Data Window There is an overlapped area of valid data window for all delay 
variation. 

group A number of sectors, composite erase and write protect unit 

Lumped A signal path between host and card which is considerably small 
compared to the signal rise time. It is considered as "lumped" system 

open-drain A logical interface operation mode. An external resistor or current 


source is used to pull the interface level to HIGH, the internal 
transistor pushes it to LOW 


payload Net data 

push-pull A logical interface operation mode, a complementary pair of 
transistors is used to push the interface level to HIGH or LOW 

sector A number of blocks, basic erase unit 

stuff bit Filling bits to ensure fixed length frames for commands and responses 

three-state driver A driver stage which has three output driver states: HIGH, LOW and 


high impedance (which means that the interface does not have any 
influence on the interface level) 

token Code word representing a command 

Tuning Host adjusts sampling clock by Send Tuning Block Command. 

Variable Data Window An overlapped area of valid data window is not available or too small 
for all Process, Voltage and Temperature variations. 


B.2 Abbreviations 


ACMD6 Set bus width command 

ACMD41 Initialization command 

AU Allocation Unit 

CID Card IDentification number register 

CLK clock signal 

CMD command line or SD bus command (if extended CMDXX) 

CRC Cyclic Redundancy Check 

CSD Card Specific Data register 

CMDO Reset command 

CMD8 Voltage check command 

CMD6 Switch command used for selecting one of UHS-I modes 
CMD11 Voltage switch command to change signaling level 3.3V to 1.8V. 
CMD19 Anew command for sending tuning block 

DAT or DAT[3:0] 4-bit data line of SD bus 

DDR Double data rate signaling 

DDR50 One of UHS modes with double data rate. Up to 50MB/sec at 50MHz 
DS Default Speed Mode 
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DSR Driver Stage Register 
ECC Error Correction Code 
eSD Embedded SD Memory Device defined by Part 1 eSD Addendum 


Host-SDR-FD One of host types with SDR signaling, fixed-delay (can't use tuning) 
Host-SDR-VD One of host types with SDR signaling, variable-delay (can use tuning) 


Host-DDR One of host types with DDR signaling 

HS High Speed Mode 

LOW, HIGH Binary interface states with defined assignment to a voltage level 

MSB, LSB The Most Significant Bit or Least Significant Bit 

MTP Multiple Time Programmable memory 

NErase The recommended numbers of AUs to be erased in one erase operation. 

TERASE Timeout value used for erasing multiple AU's as specified by ERASE SIZE. 

TorFsET Offset time used for calculating erase timeout. 

NSAC Defines the worst case for the clock rate dependent factor of the data access 
time 

OCR Operation Conditions Register 

OTP One Time Programmable memory 

Pw Performance of Write 

Pin Performance of Move 

Pr Performance of Read 

RCA Relative Card Address register 

ROM Read Only Memory 

RU Recording Unit 

SDCLK Clock line of SD bus 

S18R Switching to 1.8V Request in ACMD41 argument 

S18A Switching to 1.8V Accepted in ACMD41 response 

SPI Serial Peripheral Interface 

TAAC Defines the time dependent factor of the data access time 

tag Marker used to select groups or sector to erase 

TBD To Be Determined (in the future) 

Tw FAT write time 

Te FAT read time 

topLy Output Delay from SDCLK under all delay parameters condition. 

UHS Ultra High Speed 

Ul Unit Interval is one bit nominal time, SDCLK nominal period. 

SDR Single data rate signaling 

SDR12 One of UHS modes with single data rate. Up to 12.5MB/sec at 25MHz 

SDR25 One of UHS modes with single data rate. Up to 25MB/sec at 50MHz 

SDR50 One of UHS modes with single data rate. Up to 50MB/sec at 100MHz 

SDR104 One of UHS modes with single data rate. Up to 104MB/sec at 208MHz 

VCA Card accepted voltage range 

VHS Host supplied voltage range 

Vpp + power supply 

Vss Power supply ground 
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Appendix C (Informative) : 
Examples for Fixed Delay UHS-I Host Design 


C.1 Internal Clock Delay Method 


Sampling clock is created by internal clock by using DLL or delay lines. 


SD Connector 


Figure C- 1 : Delayed Internal Clock Method 


C.1.1 Creation of Loopback Clock 
Figure C- 2 shows an example implementation of loopback clock. It is suitable for fixed output delay 
timing. Though, host designer need to be aware of excessive EMI because of Additional routed CLK 
trace. Host requires additional two pins. It is possible to adjust setup and hold time of receiver flip-flop 
by inserting delay line, R, C or using DLL. 


SD Connector 


Figure C- 2 : Loopback Clock Method 
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Appendix D : UHS-I Tuning Procedure 


Tuning refers to the process of finding the optimal sampling point in the host. Once the SD card has 
been transferred from default Speed to SDR104 mode, the tuning procedure begins. The tuning 
procedure scans the UI (Unit Interval), for the best sampling point. 


Host sampling point Tuning: 
1. The host resets Sampling Control Block. 
2. The host issues the Send Tuning Block command to read tuning block. 
3. The card sends Tuning block as read data. The host receives it and compares with a known 
tuning block pattern. 
4. The host increments the Sampling Control Block by one step. 
5. The host sends a read command for the next tuning block. 
Repeat steps 3 to 5 above to cover full Ul. 


After covering the entire Ul, the host is able to identify the available valid window. The host sets the 


Sampling Control Block to center of the valid window. Read / Write operation can be started after host 
sampling point tuning has been completed. 
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Appendix E : Host Design Recommendation 


E.1 Decoupling Capacitor Connected to Power Line 
Hot insertion of SD card generates inrush current due to the card capacitor connected between Vpp and 
Vss. This appendix provides a method of reducing voltage drop caused by the inrush current using a 
decoupling capacitor mounted near the card slot. The host should consider and reduce influence of 
inrush current if the host supports Hot Insertion and power-circuit is commonly used with other devices. 
Taking another method such as using Current Limit Circuit is also possible. 


SD Host 
Host VDD 


Card VDD 
SD Card 


Cc (5uF max) 


Host VSS 


Figure E- 1 : Capacitance Connected to Power Line 


Figure E- 1 shows a typical composition of decoupling capacitors. The maximum capacitance of 
decoupling capacitor in the SD Memory Card is defined as 5uF. Decoupling capacitor CH is used to 
reduce voltage drop when the card is hot inserted and is better to be placed as close as possible to the 
connector. Before the card is connected to the host, capacitor CH is charged with the voltage Vpp and 
Cc is not charged. When the card is just connected to the host, the card behaves as a short circuit for a 
moment and current flows from CH to Cc until the voltage of CH is equal to that of Cc. In this case, as 
energy charged in CH is moved to Cc, the voltage is a little dropped from Vpp in a moment. This drop 
voltage is defined as Vgrop herein. After that the voltage goes back to Vpp charged by the power supply. 
The inrush current from CH to Cc is calculated as follows: 
I Se C dV = CH Virop — Cc Von Vang 
dt dt dt 


Decoupling capacitor CH is calculated as follows: 
CH= Co Vor Meron 


drop 


If Voo is 3.0V, Vdrop is 0.3V (max) to limit the voltage drop less than 10% of Von. As SD Memory Card 
Cc is 5uF (max), CH is calculated to 45uF (min). Therefore, recommended decoupling capacitor is 
47uF for the SD Memory Card only supported host. 


SDIO card Cc is defined as 10uF (max) and then CH is calculated to 90uF (min). Therefore, recommended 
decoupling capacitor is 100uF for the SDIO Card supported host. 
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E.2 Decoupling Capacitors 


3 Volt LDO 
| 
i | PVDD 
SEE Aur 47uF 100nF »VSS 
System Battery = 


Figure E- 2: Recommended power delivery 


The purpose of the 4.7uF capacitor is to support for low speed surge current. The 100nF capacitor in 
parallel with 4.7uF is for high speed surge currents. Both capacitors act as noise filtering as well. 
Physical location of capacitors should be as close as possible to SD socket VDD and VSS pins. The 
smaller capacitor should be located closer to the socket. 

The power switch used mainly to perform powering and power re-cycle for SD card. The 47uF is mainly 
uses as Charging aid for 4.7uF capacitor when switch LDO output is supplied to the card. To reduce to 
minimum the drop on the 3 Volt rail, the 47uF acts as intermediate reservoir to charge the 4.7uF 
capacitor. The power switch when not connected to the 3 Volt rail is grounded. Ground connection will 
discharge fast and reliable the residual voltage on the VDD line. This ensures a reliable power re- 
cycles. However, when switch connects the card power line to ground, act as short circuit, discharge of 
full charged the 4.7uF capacitor causes large inrush current. 
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